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GENERAL INTRODUCTION TO THE SERIES. 


During the past few years the civilized world has begun to realize the 
advantages accruing to scientific research, with the result that an ever- 
increasing amount of time and thought is being devoted to various 
branches of science. 

No study has progressed more rapidly than chemistry. This 
science may be divided roughly into several branches : namely, Organic, 
Physical, Inorganic, and Analytical Chemistry. It is impossible to 
write any single text-book which shall contain within its two covers a 
thorough treatment of any one of these branches, owing to the vast 
amount of information that has been accumulated. The need is rather 
for a series of text-books dealing more or less comprehensively with 
each branch of chemistry. This has already been attempted by 
enterprising firms, so far as physical and analytical chemistry are 
concerned ; and the present series is designed to meet the needs of 
inorganic chemists. One great advantage of this procedure lies in . 
the fact that our knowledge of the different sections of science does not 
progress at the same rate. Consequently, as soon as any particular 
part advances out of proportion to others, the volume dealing with 
that section may be easily revised or rewritten as occasion requires. 

Some method of classifying the elements for treatment in this way 
is clearly essential, and we have adopted the Periodic Classification 
with slight alterations, devoting a whole volume to the consideration 
of the elements in each vertical column, as will be evident from a glance 
at the scheme in the Frontis]uecc. 

In the first volume, in addition to a detailed account of the elements 
of Group 0, the general principles of Inorganic Chemistry are discussed. 
Particular pains have been taken in the selection of material for this 
volume, and an attempt has been made to present to the reader a 
clear account of the principles upon which our knowledge of modern 
Inorganic Chemistry is based. 

At tlic outset it may be well to explain that it was not intended 
to write a complete text-book of Physical Chemistry. Numerous 
excellent works have already been devoted to this subject, and a 
volume on such lines would scarcely serve as a suitable introduction 
to this series. Whilst Physical Chemistry deals with the general 
principles applied to all branches of theoretical chemistry, our aim 
has been to emphasize their application to Inorganic Chemistry, with 
Avliich branch of the subject this series of text-books is exclusively 
concerned. To this end practically all the illiistvabions to the laws , 
and principles discussed in A^olumc I. deal with inorganic substances. 

Again, there are many subjects, such as the methods employed in 
the accurate determination of atomic weights, which are not generally 
regarded as forming part of Physical Chemistry. Yet these are sub- 
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as this would render them unnecessarily bulky and expensive ; rather 
has it been to contribute concise and suggestive accounts of the various 
topics, and to append numei-oiis referenees to the leading works and 
memoirs dealing with the same. Every effort has been made to render 
these references accurate and reliable, and it is hoped that they will 
prove a useful feature of the series. The more important abbreviations, 
which are substantially the same as those adopted by the Chemical 
Society, are detailed in the subjoined lists, pp. xv-xvii. 

The addition of the Table of Dates of Issue of Journals (pp. xix-xxvi) 
will, it is hoped, enhance the value of this series. It is believed that 
the list is perfectly correct, as all the figures have been checked against 
the volumes on the shelves of the library of the Chemical Society by 
Mr F. W. Clifford and his .staff. To these gentlemen the Editor and 
the Authors desire to express their deep indebtedness. 

In order that the series shall attain the maximum utility, it is 
necessary to arrange for a certain amount of uniformity throiighout, 
and this involves the suppression of the personality of the individual 
author to a corresponding extent for the sake of the common welfare. 
It is at once my duty and my pleasure to express my sincere appre- 
ciation of the kind and ready manner in which the authors have ac- 
commodated themselves to this task, which, without their hearty 
co-operation, could never have been successful. Finally, I wish to 
acknowledge the unfailing courtesy of the publishers, Messrs. Charles 
Griffin and Co., who have done everything in their power to render the 


work straightforward and easy. 


J. NEWTON FRIEND. 


August 1020. 




PREFACE. 


This volume is devoted to the four elements ; chromium, molybdenum, 
tungsten, and uranium, The study of eacli of these provides much that 
is fascinating to the chemist, and much that calls for elucidation and 
further research. The groMung importance of the metals and their 
compounds in indiistiy, especially in the manufacture of steels and 
special alloys, and in the production of glazes and pigments, emphasises 
their claims to interest. The use of tungsten in electrical Avork is 
continually finding ^vider application, 

The types of compounds produced by the elements of the ehrominni 
group are of greater variety than is usual, owing to the varying degrees 
of combining power exhibited, and the fact that the elements function 
both in electropositive and electronegative radicals. Moreover, in 
many cases the types of compounds are of considerable complexity, as 
seen in the large classes of heteropoly-compounds produced^ particularly 
by molybdenum and tungsten. The decorative tungsten bronzes are 
of exceptional interest. 

Uranium is unique as the element of highest atomic weight, and the 
terminal member of the periodic system, It Avas in a compound of 
this clement that radioactive phenomena Avere first recognised, and 
noAV, as by-products in the extraction of radium, uranium compounds 
are produced in considerable quantity. It remains, hoAVCA'^er, for the 
chemist to show how this material can be utilised more cxtenswely in 
the arts or in industry. 

All the more important inorganic salts of the elements, Avhethei* tlae 
metal occurs in the basic or the acidic radical, are described in the 
present Avork. Atomic Aveights have been recalculated from the original 
experimental data on the basis indicated in the General Introduction, 
Every effort has been made to render accurate and reliable the many 
references supporting the text, and it is hoped that the entire work Avill 
merit the confidence of all Avho consult it. The Authors will be grateful 
for any criticisms and suggestions for improvement, 

Tlie Autliors desire to thank the Editor, Ur J. Newton Friend, who 
lias read through the Avhole of the manuscript and proof, for the kindly 
lielp and advice Avhich he has so readily placed at their disposal. 

REECE H, VALLANCE, 
ARTHUR A, ELDRIUGE. 

Awjmi 1920 . 
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CHAPTER I. 

GENERAL CHARACTERISTICS OF THE ELEMENTS 
OF GROUP VI., SUBDIVISION A. 

The element's comprising Subdivision A of tlie sixth group of the 
Periodic Table form a natural gi-oup of four metals, namely, chromium, 
molybdenum, tungsten, and uranium. The relationships between tliese 
elements and their congeners in Subdivision B 
are not very marked, ^ but certain close analogies 
may be observed. It is characteristic of the 
ciiromium lamily that they exhibit various degrees 
of Amlency and produce numerous types of stable 
compounds, but of these the most stable are those 
containing the elements in the hexavalent con- 
dition. The trioxides, CrOg, MoOg, WOg, and 
UOg, possess powerful acidic properties and yield 
well-defined salts, namely, chromates, molybdates, 
tung.statcs, and uranates, which are analogous to, 
and often isomorphous with, the sulphates and 
sclenatcs. The trioxides, however, are ampho- 
teric, and the basic nature is particularly evident 
in uranium trioxide, which forms a series of stable 
uranyl salts of the type UOgXg, the most import- 
ant example of which is the nitrate U02(N0.,)2. 

Uranium shows an interesting similarity to 
tellurium in the formation of a sulphate of tiie 
type M(SO,j) 2 ; it also resembles polonium or radium F, the heaviest 
member of the o.xygcn groipj, in being radioactive. 

Chromium shows many similarities to its neighbours in the even 
series of the first long j)eriod : 

Group. 
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• The gonoral clmraotoristics of tho olcmonta of Group VI, taken ns a whole arc clonlt 
with in Chapter I. of Vol. VII., Part I. Those of Subdivision li aro oonsidorod in Vol, 
VII.. Part II. 
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Tlie chronious salts, derived from the oxide CrO, arc analogous In 
the salts of divalent vanadium, manganese, and iron. TJiis is seen in 
tlie isomorphism of the sulphates of the type tt ’* SO^pYUgO, Tlu^ 
stability of such salts increases in the order of the atomic iiiinilxu’ ()f l:lu‘ 
metal. * The chief basic oxide of chromium is tlic sesquioxide Ch'jjO.i, 
whidi is closely allied to ferric oxide, and, like the latter, resembli^s 
aluminium oxide. The hydroxide, Cr(OH)g, with bases yields chromiU\s 
analogous to, but less stable than, the aluminates. Chromic siilphaie 
enters into the formation of alums. The chromic salts are very stabh^, 
but in the trivalent condition the metal shows a marked tendency l(j 
form complex ions, both anions and cations ; thus it resembles iron in 
producing complex cyanides, whilst it also yields compounds similar In 
tlie cobaltamines. 

The remaining elements of the group, molybdenum, tungsten, and 
uranium, exhibit few analogies to their congeners in Subgroiq) Va, and 
it is to be observed that the corresponding elements of Subgroup VUa 
have not as yet been discovered,! The compounds of the elements of 
the chromium group are generally coloured, and this property apiJtiars 
to be connected with the variable valency displayed by tlie metal.s. 
Vanadium, the compounds of which are highly coloured, affords an 
interesting analogy in this respect. 

Uranium, in the uranous compounds in which the element is tclra- 
valcnt, appears to be closely allied to thorium, the terminal nicml)(*r (d’ 
^7'^- 7*’^ dioxide, UOg, is isoinorphous with thorium oxide. 
IhOj ; 2 the sulphates are also isomorphous and arc only slitfiiliv 
plublc in Avater. The oxalates of the Iavo elements nVo liiffhlv 
n^oluble. Jlost uranous salts are readily soluble. Many other siill’s 
of tetravalent uranium and thorium are isomorirhous ;* ucvcrtlich-ss 
the two elements exhibit very considerable differences and can easily 
be separated.^ ■' 


Ihe elements of the chromium group show themselves mucli more 
intimately lelated to one another, and constitute a true family ol' 
elements. They are all true metals, white of grey in colour ‘ not 
siiflicicntly hard to scratch glass, and extremely infusible. 'I'hc mon 
mi])ortant physical properties are compared in the folloAving table • ' 



Chromium, 

Molybdenum, 

Timgston. 

UrATiiiiin, 

Atomic weight . 
Density , 

Specific beat 
^lelting-point . 
Boiling-point , 

5201 

6-9 

0-1208 
1550" C. 
2200" C. 

oc-o 

9-10 
0'064,7 
2450 ±30° C. 
3200° C. 

184.-0 I 

19-0 

0-0358 

3207d::80"C. 
4700" C.G 

23«-2 

18-7 
0-0280 
1850" ('. 
<2450° C. 


IIoyrovHl.^, 

Hillobrand, Chem., 1893, 3, 243 

> &o Hcck, Traw, Ohem. Soc., 1914, los 247 ’ 
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The melting-point of tungsten is higher than that of any other known 
metal. The metals are stable in air at ordinary temperatures, but when 
Heated they exhibit a remarkable difference in behaviour. Uranium 
burns briskly at 170° C., producing uranous oxide UOg ; molybdenum at 
a, red heat yields the trioxide M0O3 ; chromium only burns at 2000° C. 
and forms the sesquioxide Cr203 ; tungsten is not oxidised at any 
temperature, except in the vapour form. 

As already indicated, the elements exhibit variable valency and 
yield trioxides with powerful acidic properties. The lower oxides are 
predominantly basic. No compounds with hydrogen are known. The 
elements unite directly with halogens, and numerous halide compounds, 
which may also be prepared by solution of the metal or an oxide in 
halogen acid, have been obtained. Many oxyhalides are also known. 

The more imj^ortant types of compounds yielded by the elements 
are shown in the following table ; 


Typo. 

Cln’onnmn, 

Molybclomim. 

. 

Timgaton, 

Uranium. 

Ml!\ . 

MOF4 

MClj 

MClg 

MCI4 

MO.Cli, . 

M,03 

MOa , 

MO, . 

CrCIa 

CrClg 

CrO’cia 

Ci'aOs 

CrOa 

CrO, 

HgCrO,, 

MoF„ 

M0OF4 

MoClg 

M0CI3 

M0CI4 

MoOgClg 

MogOj, 

MoOg 
MoOg < 

IlgMob,, 

WFg 

WOF„ 

WClg 

VVC14 

WOgClg 

WOg 

AVOg 

II2WO4 

UF„ 

UClg 

UCI4 

UOgClg 

liog 

UOg 

ITgUO^ 


Oxides between tlic dioxides and trioxides arc also known. The acids 
of the type HgMO,, yield an uiuisual variety of salts of composition 
ll’gO.xMOg; in the cnvse of molybdenum, salts containing as many as 
I S atoms of molybdcjuun to the molecule have been prepared. This 
form of eondonsation is also very marked with tungstic acid, whilst 
cliromie and uranic acids cxliibit it in less degree, In addition, molybdic 
and tungstic acids po.ssess the property of combining with certain acidic 
oxides in varying proportions, with formation of complex acids from 
"which series of well-defined salts may be obtained. Such oxides as 
phosphoric, arsenic, and boric oxides readily take part in such^ com- 
binations, Molybdo-phosphoric acids containing the two oxides in the 
folloAving proportions ; • M0O3 ; ; 1 : 1 : 18, and 1 : 17, are 

Icno wn ; whilst derivatives of molybdo-arsenic acids, containing the oxides, 
AS2O5 and M0O3, in the proportions 1. : 24, 1 : 20, 1 : 18, 1 : 16, and 1:6, 
have been described. Corresponding tuiigstO“eoin])ouuds^ also exist, 
An interesting type of isomorphism is met witli in sonic of these com- 
plex derivatives, the isomorphous eompoiiiids containing different 
numbers of atoms in the molecules. Thus tlie two potassium salts, 
4.K20.2Si02.24W03.86ir20 and 5K2O.I32O3.24WO3.8CH2O, arc iso- 
morphoiis.^ 

1 On tho oonfltitution of tlioso ooinpoimcls, and for otiior oxamplos of suoli ifioniori)hism, 
fice pp, 2h-6, 206, 
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ticularlyiiithe^ease^f mo/yLlenumanclt^"^T^ P‘“'- 

ancl alkali sulphides to jDroduce thio-sSt? alkalies 

types R-.WOaS, R-.WoJs,, R ,wos tS^R- w<J «»o-tungstates of the 
By the action of hydrogen peroxfde on P^'^pared. 

tives, higlily oxidised coni2?ounds are obtni£V”^1‘^ cicriva. 

several different types, aild Si eonsttotTon f «f 

been completely elucidated, is discussed in ofil ’ i * as yet 

that m siieh coinpounds the valency of the Possible 

IS ground for this belief, esiieciallv in +i ^ exceed 6 ; there 
fliere is as yet, however, need for fnrH perchroinatcs 

definitely Stated tlmt any of the ‘^an he 

greater than 6. members of this group exhibit a valency 
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CHROMIUM. 

Symbol, Cr. Atomic weight, 52*01. 

Occurrence. — Chromium does not occur in the free state in nature. 
Tlie chief mineral from which the metal is obtained is variously known 
as chromitCy chrome iron ore^ chromoferritCy or siderochromey CrgOg.FeO,^ 
and is widely distributed, particularly in serpentine and olivine rocks. 
It is found in Algeria, Asia Minor, Canada, France, Greece, India, New 
Caledonia, Rhodesia, the Shetland Islands, Sweden, ^ the Transvaal, 
Turkey, and the United States.^ Rhodesia is the chief producer in 
normal times, but in the later years of the European war the United 
States and India produced enormous quantities,'^ A deposit of chrome 
iron ore, containing about 85 per cent, of Cr^Og.FeO, has been 
found in the province of Kuban, Northern Caucasus.^ Platiniferous 
chropiites occur in the Ural Mountains.® Small quantities of chromite 
arc present in many meteorites,'^ Chromite occurs in octahedra, but is 
generally found in a brownish -black massive form, having a granular 
or compact structure. It is sometimes feebly magnetic, of density 
4*82 to 4''.57, and is one of the heaviest as well as one of the softest 
minerals of the spinel group, its liardness being about 5*5 according to 
Mohs* scale.® A specimen from the Urals was found to melt at 1850® C.,® 
but the usual melting-point range is from 1545® C, to 1780° Magno- 
chromite and chromoincMitc are varieties of chromite. The latter occurs 
at Dun Mountain, New Zealand, and in the Lillooet District, British 
Columbia, where it is found in velvet-black, massive, coarsely granular 
veins, and has a density of 4*289, A chromiferous iron ore, contain- 
ing up to 50 per cent, of iron and varying amounts of chromium up to 
about 8 per cent., is mined to a considerable extent in Greece and i.s 
also employed as a source of chromium, 

^ Foi' an account of spcofcrosoopio aualyscfl of various aaniplcs of ohronuto, sec Hubics, 
Amd, Fis, Qmni,, 1017, 15, Gl. 

* Togoiigron, Tehmh Tid^krift, 1913, 43, 2G. 

^ Sco report by Phalon, U.S. Oeol. Surmt/t 191*2; Mineral Resources for 1911, part 1, 
p. 979, 

Soo Rumbold, Okromium Ore, Monograph on Mineral Resources, Imperial Inst,, 1921 ; 
also Williams, Ghent, News, 1918, 117, 348. 

® Rosborodko, Jakrb, Miner., 1012, 34, 783, 

^ Vogel, Jaht'esber., 1873, p. 291 ; Duparc and Rubies, Aiml, Fis, Quini., 1013, 1 1* 307. 

’ Tassin, Proc. U.S, Naiiotial Ahtscim, 1908, 34, 685 ; Borgstrom, Zeitsek. Kryst. 
Min.y 1910, 48, 540, from Cfcol. For tStockkohn Forhandl, 1908, 30, 331. 

» Por Mohs* scale, see this series, VoL IX., Part IT., p. 11, footiioto, 

» Brim, Arch, 8ci. pJiys, naL, 1902, [4], 13, 362. 
l^attorfton, J, Iron Rteel Iml,, Cariicgio Memoirs, 1014, 6, 238, 

Holfinann, Amer, J. 8ci,, 1902, [4], 13, 242. 

Sco BuUetm of the Imjycrtal Institute, 1910, 8, 278. 
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"TfT fc™ of 

IS also found in Brazil, SwazHand Siberia, bub 

galena, in the Lydenburg district of with 

lucent, hyacinth-red crystSs of ''' 

Crocoite crystallises in the > density 6 00. 

crystalIogra2)hic elemejits being system, usually 23rismatic, its 

a : b : c=0-960842 : l ; 0-915856 ; 25=77° 32' 50". 

lead, 8Pb0.2Cr03,’m^”“s*probablVor^^^^^^ a basic chromate of 

zovite contains lead carbonate as or berc- 

probably identical with EnaSl 

co2J2)er, 2(Pb,Cu)CrO„.{Pb,Cui fPoS ^ ^ and 

occurring in the ciuitz of B^oV lUrf LT' n 

crystals of density 5-95 : " (Urals). It forms monoclinie 

a : b : 0=0-74977 : 1 : 1.39088 ; 29=69° 3'. 

Kofjaonik Mouihaitt^SerIria*'and'^ns'tI^^ density 3-1, from 

It resembles magnetite, being 

system. ® nagnetic and crystallising m the cubic 

c/«yme acAiTyrSight f brUliant green colour,- 

androUte, mikosin, mldSmkoiie IS 

britdef nou-magnetilTdei^ minerals ; daubreelite, 
hydrated chromium sulphate • leifnnn^) ®“®dy 5-01 ; redingloniie, a 
potassium ; and chrovie-diondde a nvv,f ^ a chromate of 

A nickel-chrome sSnel MO c}TT’' f ^^^berley. 
smal green crystals." The Ween eoffi-^f >^een iimde artificially in 
sap2)lnre,’ and other minerals is dSe to tb. f ^ ’ serpentine, 25ossibly 
chromium, which also occur in t-niu! “ presence of compounds of 
boeu shown " that the iSiaTspectoa 'mi 

chromium oxide which has beeircomn^l.^^^ diamond are due to 
manner, leading to the producriL ^ vibrate in an abnormal 

of chromium live beT deSted ^ IW 
bustion of coal obtained from dinosS duced by the com- 

chroiniuin are not kiiou-n to Compounds of 

or animals. any Part in the economy of 2ilants 

a new mineral from Sib^eria^ now de Buffoii, described 

Hg jV»B«r«fc;,e,,,,-e 1876 « ori . c. , 

; JoviWiiteoh, Monatsk., im. 30 30 - ft « . ''' ‘ 
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and alumina were reported ; chromium was not detected till 1797 when, 
on reinvestigation, Vauquelini observed that the lead was combined 
^ytli a new acid derived from the oxide of a hitherto unknown metallic 
element. On account of the fact that its compounds are all coloured, 
the name chromium (Greek chromay colour) was given to the element in 
question. In 1798, Vauquelin detected the ne’w element in Sjunel and in 
smaragdite, and the following year Tassaert found it in chrome iron ore. 
Ihe discovery of chromium in crocoite was made simultaneously and 
independently hy lOaproth.^ More recent work has dealt largely with 
the isomerism exhibited by chromium com^^ouiids, and the relation 
between their colour and constitution. 

Preparation. — Metallic chromium is usually obtained by reduction 
ol the sesquioxide, €1*203, the chief source of which is chrome iron ore 
(P; ^)v f he latter, after separation from gangue, is powdered, washed, 
mixed witli liine and potassium carbonate, dried, and then roasted, the 
mass bemg continually stirred. The potassium chromate produced is 
extracted with water and converted into the dichromate by treatment 
with sulphuric acid. After recrystallisation the potassium dichromate 
IS recliiced by heating with sulj^hur, starch, or other suitable material, 
and iinally washed with water ; the cliromium sesquioxide remains 
uiichssolved. 

1. Rediiciioii of Ch7'omiu)n Sesquioxide with Cavbou, — ^Deville,^ by 
strongly heating the oxide with sugar charcoal in a brasqued lime 
crucible, obtained small quantities of metallic chromium contaminated 
with carbide and silicicle. The reaction is never quite quantitative,^ 
I lie reduction was effected by Moissan® in an electric arc furnace, when 
a product containing a considerable proportion of carbon was obtained. 
This was eliminated by re-fusing with lime, calcium carbide being formed, 
and then again fusing the product in a crucible brasqued with the double 
oxide of calcium and chromium. 

2. liediiction of Ckroiniwn Sesquioxide by Metals* — The reduction 
can be effected by the alkali metals, magnesium, and aluminium.^ 
Goldsclimidt^s alumino-tliennic process consists in mixing the reqiii.site 
jiroportions of chromium sesquioxide and aluminium powder, placing 
the mixture — covered first with a layer of mixed barium peroxide and 
aluminium powder, and finally with a layer of powdered fluorspar — -in 
a magnesia or refractory clay crucible, and igniting with a fuse of 
magnesium ribbon, The temperature developed by the eombustiou of 

1 Vauquolin, jhm. Qhim, Phys., 1798, 25, 21, 191 j 1809, 70, 70 ; GvdH Annahn, 1708, 
I, 183, 270. 

^ llosooe and SoJiorlommor, Trmti8& on Ghemislnj (Maoinillan), 1907, ii., 005. Iiivesfci' 
gallons woro also oonduotecl by Unvordorbcii, Tromnad, NJ, 1826, 9, 1, 

20 ; MiiHsin-Piisohin* QreWa Annahn, 1798, i, 365 ; 2, d44. Tho composition, con* 
stitntion, and i>roportios of its salts have been studied by Berzelius, Schveu/ger^s 1818, 
22, 53 ; Ann, Chim, Pliys,, 1821, 17, 7 j Pogg, Annalen, 1824, 1, 34; Annalen, 1844, 49, 
247 ; Braiiclcrburger, Schweigger^s J., 1815, 13, 274; Dobereinor, ibid., 1818, 22, 470; 
Meissner, GiWerCif Annakn, 1818, 60, 300 ; Lainaiquo, Ann, Ghim. Phys,, 1820, 14, 299 ; 
Bertlucr, ibid., 1821, 17, 60; Groiivello, ibid,, 1821, 17, 349 ; Thomson, Ann, Phil, 1820, 
16, 321 ; Unvortiorben, loG, cii, j Moser, Abhandl iiber das Qhrom, Vienna, 1824 ; Mans, 
Pogg, Annakn, 1827, 9, 127 ; ii, 83 ; Rose, ibkl, 1833, 27, 565 ; 1838, 45, 183. 

Ucvillo, Ann, Ghim. Phys,, 1850, [3J, 46, 182 ; Gomjd, rond., 1867, 44, 073. 

^ (Ircenwood, Trans, Ghem, Soc., 1908, 93, 1488. 

Motssaii, GomiH, rend,, 1893, 116, 394; 1894, 119, 185; Ann, Ohhn, Phys,, 1890, | 7|, 8, 

569. 

« Moissan, Connd. rend., 1890, 122, 1302; Golclaclimidt, J. Soc, Ghcm, Ind,, 1898, 17, 
543. 
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the barium peroxide-aluminium mixture is sufHeiently high to cause a 
violent, often explosive* reduction of the chromium sesquioxide ; it is 
consequently necessary for tlie operator to protect his face and hands 
The alumina remains on the surface as a slag, which crystallises on eooh 
ing, Ibrmiiig comhin^ while the eliromium is found at the bottom of 
the crucible as a metallic button. 

On tlie manufacturing scale, about 100 kilos, of chromium are 
produced in a single operation. It is preferable to use a mixture of 
chroraiiiin sesquioxide and trioxide (or potassium dichromate) instead 
of the sesquioxide alone for incorporation with aluminium powder. ^ 
Suitable proportions are ; 20 grains of a mixture containing 50 grams 
of fused powdered potassium dichromate with 18 grams of aliiniinhim 
powder, togetlier with 100 grams of a mixture containing 160 grams of 
dry aluminiiim powder with 450 grams of calcined eliromium sesqui- 
oxide.^ Commercially, pure carbon-free chromium is produced only 
by reduction of chromium oxide with aluminium.^ . ^ 


eliromium can also be obtained by reduction of the chloride or of 
chromates, from the boride, and by electrolytic methods. 

8, Rednetion of Chromic Chloride, CrClg.— Wohler obtained metallic 
chromium by reduction of chromic chloride with potassium, while 
Fremy ^ obtained the metal in a crystalline condition by passing sodium 
vapour over chromic chloride in an atmosphere of pure dry hydrogen. 
W5hler^ prepared^ similar crystals — minute octahedra — by fusion of 
chromic chloride with zinc under a layer of mixed sodium and potassium 
chlorides, and removal of the zinc from the alloy so formed hy means 
of nitric acid.'^ Metallic calcium reduces chromic chloride at a dull 
red heat without formation of an alloy.^ 

4.. Electrolyiie Methods,^ — ^Electro-deposition of metallic chromium 
from a solution of chromic chloride was accomplished by Bunseu,^^ who 
obtained a coherent deposit of the metal possessing a briglit surface and 
in appearance spmewhat resembling iron.ii It has been observed 12 that 
111 the electrolytic deposition of chromium from solutions of chromic 
salts, green solutions are first converted into violet solutions, the 
chromium being deposited from tJie latter and not from the former 
moclincation.^ Chromium is deposited from solutions of chromic acid 
y eJeetrolysis, especially in presence of sulphuric acid. Chromic salts 
are simultaneously formed, and the solution becomes brown during the 
e cc lolysis, which proceeds more readily with impure chromic acid 
than with inire.i^ phe best results appear to be obtained by using a 




4 Ohemieal Knginecriwj, lOlo 15 n 1 20 . 

^ Woliler, Annakn, 1869, iii, 117, 230 

! 18^7, 44, G33, 

® Wolilcr, he, cii, 

» HackBpiU, SuH. Soc. ckim., 1907. [4], i, 806 ’ ’ 

See Aakenasy aiid BiSvai, ZbiUcI,. Eleklrochm., 1013 lo 3.1.1 
Bimsen, Pyg. Annakn, 1854. 91. 019, ’ ‘ 

916) blinHarly dccmniwSl okromriium'*’’ (t'oHyrf, rend., 1802, 115, 

'= noiiy.Hoinult, Zeiisek. Ehhrockem . lOOB 12 390 
232. ’’’ 1906, 9.’363 ; Oorvoth ami Mott, ibid., 1906. 9. 
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solution containing chromic acid (245 grams per litre) and chromium 
sulphate (3 grams per litre), with a current density of 13*4 amperes per 
square decimetre^ Such solutions, with chromium anodes, may be used 
for plating iron and steel. The anodes show no tendency to become 
passive, and the coatings obtained are, stated to be very resistant to acids 
and to atmospheric corrosion. Electrolysis of the fused salts is difficult 
because of their high melting-points. 

5 . Other Methoch . — Crystalline chromium has been obtained ^ by 
reduction of lead chromate in a brasqued crucible, A concentrated 
solution of chromic chloride, wlien treated with sodium amalgam, yields 
a chromium amalgam which, on distilling at 350 ° C. in hydrogen, or 
at lower temperatures in a vacuum, leaves a residue of amorphous 
chromium which under some conditions is pyrophoric,^ Fusion of 
chromium boride with metallic copper gives metallic chromium.^ 
Reduction of the sesquioxide at 1500 ° C. with pure hydrogen yields the 
metal in a very pure condition.® A^arioiis modifications of and alterna- 
tives for the above methods have been suggested,® 

Physical Properties, — Chromium was not for some considerable 
period obtained in a pure state, being alwaj^s contaminated with carbon, 
silicon, aluminium, iron, etc., incidental to the method of preparation. 
That obtained by Vigouroux contained^ 0*86 to 0-4 per cent, silicon 
and 0-74 to 0*85 per cent, aluminium and iron, though it was free from 
carbon, Moreover, some processes furnished the impure metal in an 
amorphous or porous condition, while in others the crj'^stalline form was 
produced. Thus it is evident that a certain discord among the observed 
data is to be anticipated.® The api^earance and form of pure chromium 
have been various^ described ; for example, as grey rhombohedra ; ® as 
tetragonal ]:)yramids ; as a microscopically crystalline grey powder; 
as tin-white rhombohedra;^^ as fusible crystals.^® A recent X-ray 
examination of the crystal structure of a specimen of chromium has 
revealed the pre.sence of two all otr opes of the metal.^'^ Moissan has pre- 
pared a pyrophoric form by distilling the amalgam at 300 ° C . in vacuo. 

The hardne.ss of metallic chromium measured on Rydberg\s system 
is 9 * 0 ,^® though pure chromium j^repared by Moissan did not scratch 

1 Soliwart'/,, ./, Amer, EkcirocliCM. Soc., 1023, 44, 461 ; >Sargent, ibid,, 1020, 37, 470. 
beo alao Liebreicli, Zeikclu ElcMrocMvu, 1021, 27, 04. 

® Robray, see Wurtz, Dklionmirc de Ghimie, 1807, i, 885, 

^ Moismin, Conipt, rend., 1800, 122, 1302; F6r6c, ibid., 1805, I2I, 822; Vincoiifc, 
JahresbeK, 1802, p. 140 ; Rouasiii, ibid,, 1800, p. 170. 

(111 Jaasoiiuoix, OompL rend., 1007, 144, 915, 

^ Holm, Zeilsch, Melallkmuh, 1924, 16, 275. 

« HoufP, Ber., 1888, 21, 383 ; Mveo, Bull. Eoc. cMm„ 1001, [3J, 25, 017; Moboig, 
J. prakl, Chem,, 1848, 44, 322 ; Weian and Aichol, Amiahn, 1004, 337, 370. 

^ Vigouroux, Ihdl. Soc. chm„ 1007, [4J, i, 10. 

^ Seo Berzelius, Annalen, 1844, 49, 247 ; 0.stwald, Zeiisch. ])htjsihal. Ghcm,, 1000, 35, 33, 
204; Braiior, ibid., 1001, 38, 441 ; Boring, J. prakt. Ckem., 1002, 66, 05; CarvcUi and 
Mott, J. Physical Chem., 1905, 9, 231. 

^ Wohlov, Annalen, 1859, iii, 117, 230, 

Bollcy, Quart, J. Ghcm, Soc„ 1860, 13, 333. 

Glatzel, Ber,, 1800, 23, 3127. 

Jtigor and Kriiss, ibid., 1889, 22 , 2052, 

Moissan, Bull, Soc, chivi., 1879, [2), 31, 149; Co}}ipt, rend,, 1803, 116, 349;. 1.891, 

1 19, 185; Le four dcctrique, 1807, 

Bradley and Oliard, Nature, 1926, 117 , 122 , 

Moissan, Ann. Chim. Phys., 1880, |.6J, 21, 199: Oompt, rend., 1805, 121, 822. 

Sec Hydbcrg, Zciisch. physikal, Ghem., 1000, 33, 363. TJio system, wliioli is based on 
Mohs’ scale, gives a mimorical value for the hardness of the elements. 
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glass. The density of chromixim ^ at 16"^ C. is 6^72, while for the pure 
metal (previously fused in the electric oven) at 20® C. the value 6*92 
was obtained,® Jassonneix* obtained the value 7T at 17® C, for a 
specimen obtaiaed from the boride. The mean specific heat of metallic 
chromiiim between 0® C. and 98*24® C. is 0*1216;^ between 0® C. and 
100® C„ 0'12O8.® The specific heats at temperatures ranging from 0® C. 
to 500® C, of chioiniiimj containing 1*3 per cent. Fe and 0*09 per cent, 
Sij have been determined ® as follows : 


Tompomturo, 

°a 

Spfioifto Heat. 

0 

01039 

1.00 

‘0-1121 

200 

0*1176 

300 

0*1236 

400 

0*1384 

500 

0*1608 


Electrolytically deposited chromium occlude>s 250 times its own 
volume of hydrogen.’^ At ordinary temperatures chromium does not. 
exhibit magnetic properties,® but does so at —-15® C, to “20® C. The 
electrical conductivity of powdered chromium is approximately 88*5 
mhos per cm, cube.® 

The melting'point of the metal has been variously recorded as 
1489® C.,1® 1518® 1653® C.,^® 15470 q 13 1550° Like certain 

other properties of chromium, the melting-point is profoiuidly affected 
by tl^e presence of impurities. Thus a sample of chromium made by 
the ahimino-thermic process and containing 1 per cent, of impurity was 
founcP^ to melt at 1616 C, The boiling-point of chromiuin is 
2200® It can be distilled in the electric furnace, when a crystalline 
variety is obtained having the same chemical properties as the finely 
powdered metal 

^ Glatzel, ?oc, ctl. 

® Moiasaii, CompL rend,i 1893^ 116, 340. 8 go also Wohlor, jbmaleti, 1850, m, 117, 
230 ; Bunsen, Pogg, Anmletij 1864, 91, 619, 

® dll Jassonnoix, GmupL 1907, 144, 016, 

^ Jager and Krilss, Per,, 1889, 22, 2052, 

5 Maohe, Siizmigsber, K, Akad, Wien, 1897, 106, iiA,, 690. bV siieoiOc lioatfi at* 

lowor temperatuiea see Richards and Jackson {Zeitsch, pkysikal. Ghem,, 1910, 414), 

Sclimipfi [ibid., 1910, 7^1 257), Noitlmeyer and Bernoulli {Bcr, Deut, pliysihal. Qcs,, 1907, 
9, 176), Eoroh and Noixlmeyer {Aim, Pfiysik, 1006, [4], 20, 423). 

^ Adler, Ann, Physih Peibl., 1003, 27, 330. 

’ Carvotli and Curry, J. Pfiysical OJiem,, 1905, 9, 353. 

® Sloisaan, Joe. cit, ; Glatzol, he, ciL ; Wohler, ioc. cU, ; see also Paraday, Pliil. Tmna.t 
1840, 136, 41 j Wiedemann, Pogg. Annalen, 1834, [2J, 32, 452 ; Weiss and Onnos, Gompti, 
rend,, 1910, 150, 087. 

^ Shukoff, J. Urns, Phjs, Ghem. Soc,, 1910, 42, 40. 

Burgess, Bureau Stand,, Washington, 1907, 3, [3J, 346, 

“ Troitschko and Taminann, ZeiUcli, anorg, Ghem,, 1907, 55, 402. 

Williams, ibid,, 1907, 55, 1 ; Voss, ibid,, 1908, 57, 58, 

Lewkonja, ibid,, 1908, 59, 293. Hindrichs, ibid,, 1908, 59, 414. 

licwis, Ghem, News, 1902, 86, 13. 

Greenwood, Proc, Boy, Sac., 1909, A, S2, 390 ; 1910, A, 83, 483. 

Moisaan, GompU rend., 1900, 142, 426. 
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S^yectmm , — Compounds of chromium imi^art no distinctive colour 
to the non-luminous flame. The spectrum, however, is somewhat com- 
plicated, especially the spark spectrum. Careful and complete measure- 
ments have been made, for which the reader is referred to the literature.^ 
hlxner and Haschek (loc, cit) state that the most intense lines 
Jmuptlinieu ”) in the arc and spark spectra are as follows : ^ 


Are Speotrum. 

Spark Spectrum. 

Wave-Length, 

Intensity (Max. — 100). 

Wave-Length. 

Intensity {Max. — 100). 

8578-81 

30 u* 

2677-27 

20 * 

8593-64. 

80 «=.' 

2880-63 

20 

8506-4.9 

30 u* 

2835-71 

30 

42i54-rjl 

60 

3125-11 

20 >" 

4275-00 

50 ft 

3132-20 

20 * 

4289 -OO 

50 U* 

8860-60 

20 t 

[4646'Sll 

2 

3868'19 

20 * 

4646-36 

20 

3408'90 

20 t * 

6204*71 

20 * 

342289 

20 t 

5206-24 

30 u* 

3578-81 

20 u 

6208-60 

80 u* 

[8678-86] 

3 

[6345-95] 

1 

8698-68 

20 u 

'6845-99 

20 

[3598-671 

3 

5410-01 

20 * 

[8606-44] 

1 



8605-48 

20 



4254-50 

50 



4274-95 

30 * 



4289-89 

30 



4558-89 

20 



4588-43 

20 



6208-61 

20 * 


It does not follow, liowevcr, that those lines which arc greatest m 
infenfiiiy arc the most persislent The spark spectrum of clu’omium 
lias been studied quantitatively by Pollok and Leonard from this 
iioint of view, and the residuary lines (those last to disappear upon 
dilution) recorded. Their method of procedure was as follows : 

There was made a concentrated or saturated solution oi chromic 
chloride, as well as solutions containing 1 gram of the element in 


1 Seo lIuggiiiB, Pogg. AnnaJen, 1806, 124 , 275, 021 ; Thalen, & S 

[dj, 18 , 202 ; Lecoq do BoiBbaudraii, Us spectres Umxneux ; Money, 

Sol, ibod, 10 , 235 / Miller, Ann. Physik, 1907, [ 4 ] 24 , 105 ; 

llert 1900 76 101 : Pollok and Leonard, Set. Proc, Roy. DM. ^Sfoc., 1007, [ 2 ], ii, ^ 1 / , 
fcij Prl Gamb. Phil. Sob., 1907. 14 , 41 ; f "S; 

'nhfjsiJr Phoiochcm 1909, 7» 73 i Siegbalin and Stenstrom, Physikal. q 

48*^ Exner and Hnscliok.^Die S 2 iektrcn der Elemente bei normalem prncA; (Leipzig and 
vl’nna 1011 ), worlca on Sp.otro.oopy. The Wra-recl ^spectrum of 

ohromium has boon studied by Eandall and Barkoi, Aovei-sotP j 

a The following abbreviations, oto., ai-e omployed ii-iovoi-setl , T o > 

*=not displaced; [ 1 = ^ 217 

> Pollok and lleonard, Sci. Proa. Soy. Dull. Soc., 1007, il, -417. 
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1000, 10,000, and 100,000 parts of solution. Gold electrodes were used,i 
and a photograph of the spark between them was first taken using a 
long slit ; the slit was then shortened and the chromium solution sparked, 
thus giving the spectrum of gold witli long lines and the spectrum 
of chromium with short lines. The process was then reversed, the 
chromium being taken long and the gold short, so that any lines 
coincident with the gold lines might be seen. A photograph was next 
taken with both the concentrated solution and the gold electrodes long 
and the metal itself short, to show any lines developed by the chromium, 
but not by its solutions. Then the last four spectra taken gave the 
gold electrodes long, with short lines between, of the spark spectra of 
solutions containing 1, OT, 0‘01, and 0*001 per cent, of the chromium 
respectively. 

The results obtained were as follows : ^ 


QUANTITATIVE SPECTRUM OF GrCla, 


Wnvo-Length, 

Intensity and 
Pei-ftistenoy, 

Wave-Length. 

Intensity and 
Porsistonoy. 

4289*9 

4274-9 

10 di 

10 lit 

8080-4 

8016-8 

> Group (j) 

4254-6 

10 l/s 

2988-8 

s4 

3605-6 

10 X 

2980-9 

8 6 

8508-0 

10 X 

2971-9 

8 6 

3578-8 

10 X 

2958-4 

8cA 

3480-6 

10 A 

2843-8 

10 tb 

3422-9 

10 (h 

2886-2 

10 i/; 

3421-4 

10 4 , 

2880-5 

10 \h 

3408 -9 

10 6 

2766-6 

8 (b 

8103-6 

10 4 

2762-7 

8 (b 

3180-8 

10 4 

2698-8 

8 (b 

8132-2 

10 4 

2668-6 

8 (b 

3050-9 

8 4 

2659-0 

8 


2663-6 

8 (f) 


It has been found ® that the majority of the enhanced lines of 
chromium occur in the solar Fraunhofer spectrum, although some 
ax^pear to be missing. 

Absorption Spectrum . — ^It has been stated^ that all solutions of 
violet salts of chromium show similar absorption due to the chromiiiiu 


1 

2 


See Hartley, Fhih iTf atw., 1884, 85 , 49. 

The following marka of identification arc emi>loycd ; — 

T =seen with tile metal, not with concentrated solutions. 

per cent, solutions, 


cr= 


>» 

oyiicontrated solutions, but not with 

1-0 I 




1-0 percent. „ 

0.1 


»> 

I) 

0*1 It jj » 

0-01 



» 

0*01 jj II I, ,, 

0-001 

cu — 

It 

i> 

0-001 „ 



3 Lookyor and Baxandall, Proc, Roy. iSfoe., 1904, 74 , 2155. 
* Byk and Jaffe, Zdlsch. ^liysikal. 19.09, 68 , 323. 
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ion. The band extends from 461jLt/x to 36di-6/t/x, while the beginning 
of complete absorption is at 260Ltja in half-molar solution. In solutions 
of green complex salts of chromium, the absorption band and the limit 
of complete absorption are both inclined towards the red,^ 

The absorption of X-rays by chromium in the form of potassium 
chromate has been studied.^ 

Chemical Properties. Chromium is oxidised only to a very 
slight extent by moist air at ordinary temjieratiires, but when heated 
to 2000 "^ C. in oxygen it burns with scintillations of extreme^ brilliance, 
forming the sesqui oxide, 01 * 203 . In sulphur vapour at 700 C. and in 
hydrogen sulphide at 1200 ° C., the sulphide is formed ; at the latter 
temperature the metal is attacked superficially by carbon dioxide, 
whilst on heating with carbon, crystalline carbides are obtained. \\ ith 
silicon and boron, the silicide and boride are respectively foimcd ; 
anhydrous hydrogen chloride reacts at a red heat with the formation 
of crystalline chromous chloride, CrCl 2 ) chlorine similarly yielding 

chromic chloride, CrClg. , . 1 n xi 1 

By hydrochloric acid the metal is attacked slowly in the cold, tliougli 
more quickly on warming.^ Boiling concentrated sulphuric acid yields 
sulphur dioxide with the formation of a dark coloured solution ; somewhat 
diluted acid yields hydrogen and cliromous sulphate ; fuming nitric 
acid has no action on chromium, neither has aqua regia. The rnetal is 
obtained in a passive state by exposure to air, concentrated nitric acid, 
or to other oxidising agents. The passivity has been ascribed to the 
formation of a superficial layer of an oxide, or possibly of gas, since, 
when rendered passive by means of nitric acid, the metal contains 

occluded oxygen and nitric oxide.^ ^ i • 

Powdered chromium is slowly attacked by mercuric cliloricle in 
solution, with the formation of chromic chloride. Though unattacked 
by fused sodium carbonate, fused potassium ntoate and cluoiate 
oxidise it vigorously. Pyrophoric chromium (see p. 11) combines with 

nitrogen on heating.® . . .1 n . 

Uses.— Metallic chromium is used industrially m the manufacture 
of certain varieties of steel.’ It enters into the composition also of 
many non-ferrous alloys (sec p. 17), the importance of which is in- 
creasing. It may be used as a protective coating for metals, either in 
the form of chromium plate (see p. 10 ), or by causing the metal to 
diffuse into other metals at temperatures below their meltmg-pomts ; 


1 ITor earlioi* work on tlio absorption spootra of oliromiuin salts, seo Vierordt, Rer., 1872, 
5, 84; Akrojd, Phil Mag., 1876, [6], 2, 423; Baylcy, Ghcm, Soc., 1880, 37. 82S; 

AnnaUn, 1882, 213, 28C ; CarnoUoy, Ikr., 1884, 17, 2162 ; Nichols, 

1884, n. 290 ; Sabatier, QompL read, 1886, 103, 49, 138; Vogel, Prakl, Siyekhalanaluse, 
p. 253 ; Flame spectrum, Vogel, Bar., 1888, 21, 2030 : Fliiorcsconco spootruni, Lccoq do 
Boisbaudran, Compi. rend, 1886, 103, 1107 ; 1887, 104, 330 ; 1888, 105, 201. 

^ Frioko, Phtjs. Bevlaw, 1920, 1,2], 16 , 202, a i«oi 

a See Moisaaii, Bull. Soc. chim., 1870, [2], 31, 140 J Gom2d rend, 1893, 116, 349 ; 1894, 

1 19, 185. 

Doling, -prakL Ghem., 1002, [2], 66, 66, n v lono 

» Hittorf, Zekich. phyaikal. Chem., 1898, 25, 729 ; 1809, 30. 481 i OstwaKl, tM., 1900, 

35, 33, 204 ; Morgan and Duff, J. Jmer. 0/iem. Soc., 1900, 28, 331 ; 
pUsikal. Chem,, 1001, 38, 441 : DSring, he. ciJ. ; Bernoulh, PhyatkolAM. mi.J, 
632 j Frodonhagen, ZeiUch. physikal Ohem., 1908, 63, 1 ; Aton, Proe. K. Ahad Wctcnack 
Amlerdam, 1918, 20, 812, 1110 ; 21, WS. Seo also tins aorica, Volume IX., lart II., pp. 
66-60, where the passivity of iron is diaoussed. 

0 F6r6e, Oompt. rend, 1896, 12 1, 822. 

^ Soc this scries. Volume IX., Part III. 
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tlie latter iDi'ocess is known as chromising.''- Compounds of chromium 
enter largelj^ into tlie manufacture of aniline black and of certain in- 
soluble pigments, into photography, dyeing, and tanning « (see p. 68). 

Chromite is used in steel works as a refractory material for linin'a 
and repairing basic hearth furnaces. In its resistance to corrosion and 
durability, it is superior to magnesite and silica-alumina mixtures’ It 
withstands sudden temperature changes, resists abrasion, and its hard- 
ness is but little affected at high temperatures. * 

The stimulative and toxic effects of compounds of chromium have 
been investigated.® 

Atomic Weight.— From a consideration of the vapour densities of 
volatile compounds of chromium, and from the ajjplication of Dulonu 
and Petit’s Law, it is obvious that the atomic weight of chromium is 
about 52— that is, three times the chemical equivalent of chromium in 
chromic salts, or six times its combining weight in derivatives of 
chromium trioxide. Chromium thus exhibits di-, tri- and hexa 
valeney m the chromous salts, chromie salts, and chromates and 
(iichroniates res2)ectively. 

The methods employed for the accurate determination of the atomic 
u-eight of chromium have been concerned chiefly with the analysis of 
chromates and dichromates, notably those of silver, potassiuim and 
ammonium. In the ease of chromium, methods involving precinita- 
tion of a halogen from a solution of a halide are at a serious disadvantage 
owing to the difficulty of complete precipitation (see p. 26) The 
earliest work of importance was that of Berzelius.** uffio precinitated n 
known weight of lead nitrate as lead chromate, and deduLd an atomic 
ro, cl,ra„i;™ of .bool m. Tin. w» high beolZ ilo " ooZ c 
precipitate carried down traces of alkali salts. P61igot in 1844 « mip? 

acetate gave the value 62.5, but did not support it with s3dSt 
expeiimental data. Many other investigators « turned their attention 
enncp o/ figures obtained are of no modern signifi- 

1 ■ . is that obtained by Baxter and his 

The wmk’' have pro'vcd to be'n^ceiy s 

\ Soc., 1023, 43, 361 

I u “ f 1012. si 763 

Oompt°Lid., 1007 , 14 s, ” 337 ?^’ Jahrb., 1010 , 39 , 776 ; Hubert, 

* Beniolius, Pogg. AnnaUn, 1820, S, 22, 

“ relieot. OonviA r^nd.. nrxn 



0. 181, ^8MOo!'*‘’ 1900, 31, 620 ; Ghem. News, 1009, 

axle. ft„<l Jesso, J, Amer. Chew. Soc., 1000. 31. 641 j Gkcm. Nms, 1009, 100 , 213, 
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reduced either by sulphurous acid or hydrazine sulphate. The silver 
was then precipitated by dilute hydrochloric or hydvobromic acid and 
the halide compound weighed. The mean results obtained ^ were ; 

From analysis of AggCrO^ . , . . Cr==52'008 

AgaCr^O, * . , . Cr=52*01B 

Mean value 52- Oil. 

From a consideration of tliese determinations the atomic weight of 
chromium is fixed by the International Committee (1925) as 62 01. 

Chromium is a simple element without isotopes.^ 

Alloys of Chromium 

The most important alloys of chromium are those containing iron, 
cobalt, or nickel. With other metals, chromium only forms alloys with 
difficulty, if at all. For example, if bismuth ^ or cadmium ® is heated 
with chromium in a magnesia crucible, the fused metals separate into 
two immiscible layers, while copper, silver, tin, and zinc® are only 
slightly miscible. Attempts have been made to prepare chromium 
bronze by the electrolysis of a mixed solution of chromium and copper 
salts,® but no alloy was obtained, the deposit of copper only containing 
a small quantity of unalloyed chromium, possibly in the form of 
hydroxide. Again, when metallic calcium is heated witJi chromic 
chloride, the latter is reduced to the metal, but no alloy is produced 
even when the temiierature is maintained at 1000^ C. for three hours, ^ 

Alurninium forms an alloy which appears to have the composition 
CiyVl, with a melting-point rather higher than 1600° C, It is best pre- 
pared ® by heating together aluminium, chromium scsquioxide, and 
potassium dichromate. 

Antimony, when fused with chromium, forms mixtures wliich ® 
yield two definite alloys, namely, CrSb and CrSbg. The former is 
dark grey, brittle, melts about 1125° C., and is readily attacked by dilute 
acids ; tlie latter is silvery white, brittle, more stable towards acids, 
but deco mj) OSes at temperatures below its mclting-iioint, only being 
stable below 675° C. 

Cobalt readily alloys with chromium and yields a series of products 
of great utility, the properties of which are enhanced by the presence 
of tungsten. The latter metal alloys in all proportions with chromium 
and cobalt, and causes increased liardness in the products, An alloy 
containing 15 per cent, of cliromium and 10 per cent, of tungsten is 
suitable for making cold chisels and woodworking tools, while if the 
proportion of tungsten is increased to 40 per cent., the alloy is hard 

^ Aflsuming tho following huulainontal values j Ag = 107*880; 0 = 10'000: 

01-35*467; Br-79.010. 

® Ror tlioorotioal oonsidoratioiis, and discussion on molliods of dotormining tlio atomic 
weight from observed data, sec Vol, I, 

^ Aston, Ghemislry and Induslnjy 1023, 42, 936. 

^ Williaina, ZmtsA, anorg. Ohem,, 1907, 55, 1, 

Hindriohs, 1908, 59, 414. 

^ Kromann, Lorbor, and Maas, Monalsh,, 1914, 35, 581. 

^ Haolcspill, Bull Soo. c/w?t., 1007, [4], i, 896. 

® Hindriohs, loc. cit ; Sisco and Whitmore, J. Ind, Biig, Ghem,f 1925, 17, 95C, 

« Williams, /oc. ctY. 

Hayuca, J. Ind. Eng. Gkein., 1913, 5, 189. 

VOL, VII. : HI. 
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enough to scratcli quartz and can be used for turning cast iron, '.riie 
addition of inolj’bdemnn also causes increased hardness. SteUito is 
an allo)'^ of cobalt with 25 per cent, of chromium, and containing 
tungsten and molybdenum. i It is used for making high-S23eed tools, 
.since it takes a good cutting edge which it retains at tcmpcratiiiT.s 
above red heat, and such tools can be used for a long time witlifnifc 
grinding. It is “rustless” to a high degree and is not attacked hv 
organic or nitric acids. Tlie presence of carbon, silicon, or boron in 
these alloys renders them harder but more brittle. 

Iron-chromium alloys, free from carbon, may be prepared from 
chromite by the alumino-thermic method. From a study of the cool i ng- 
aiH freezing-point curves it has been suggested that a compound, 
t rjt-e, cxists.2 but tins is questioned by Janecke,^ who studied the ivoii- 
chroniuim sjrstcm by means of fusion curves and by the iMieroscopiu 
in on of, various alloys between the liniils 

Iwlomrn Cr, and came to the conclusion that the 

system consists of a single eutectic which can form mixed crystals with 

readiness of attnnk iw f chromium to iron jiiereases the 

micSmtcdSc sulphuric acids, but toward.s 

hrifrlw ii • ‘ ® I'eudered passii^e. TJiey remain 

bright in air and in water. Tlie presence of carbon increases Sc reX 

cl,ro„,to"eM/sted™o1;tS^ ■''«>>«foeh,rc „r 

tbe alloys, contohdnfovei i- <=i>i'oinium ; ■> 

ordinary carbon steef when mo£ chVmV° *^°'?“f’’ 

and tough. The so-callprl “ e+o! V’ „ steels are very hard 

contain ®18 to St per S clirominm % ^-^^tlcss ” .steels isimlly 
nickel.* Tlie meclianical relations occasionally 1 per cent, 

the structure of chromium stppU / and carbon, and 
baustivcly studied? liave been cx 

ing per cent.^ickXlTptr^enr^ contain- 

IS a higli-teniperature resistiurr niiV. 15 2 ier cent, iron 

onliiinry iron or steel. It is use^ fnl m.r a much longer life tlniii 

Ws, ,el„L, foe „se a SlilSfe,"""?' 

covci-s. Nickel-chromium steels ?’• P.V>'ometer tulm 

largely used for the manufacture of 

^ > itelzfSiJJ?-’ P. 393. 

Ohfm., 1007, ss, 102. ’ ’ ; Tinitsohko and Taminann Zeitvh 

^ Janecko. Zeil^rh Pi.u , jOetlscJi, aiiow, 

* Sec V,T. it . ptVfc uf ®3. 49. 
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Clu’omium-vanadium .steel i.s an alloy steel combining hiffh tensile 
strength and resistance to shock.i 

Chromium Amalgams. — An amalgam of coinpo.sition ITg^Cr may 
be ju'epared “ by the electrolysis of a solution of chromic chloride in 
dilute hydrochloric acid with a powerful current, the cathode being of 
merciirjr and the anode of platinum. The amalgam is .solid, soft, 
brilliant, and only slightly acted on by air. When heated, it loses 
mercury without melting and oxidises rapidly. WJien subjected to n 
liressure of 200 kilos, per sq. cm., it loses mercury and yields another 
amalgam of composition HgCr. This is brilliant, harder tlian the first, 
and more reaciily changes in air. Jioth decompose on distilling in a 
vaemim below 300° C., yielding eliromiiiin which is iiyroiiiioric at 
ordinary temiieratures. ' * 

I MelaUtirgi/ of fSleel (G’rimn, 1911), i). 41(1. 

Rorfie, Oompt, rend,, 1896, i 2 i, 822. ^ 


CHAPTER in. 

CHROMIUM COMPOUNDS. 

GKNERAr, Properties of Chromium Compoiind.s. 

Ijie clicniistry of eliromium is somewhat complicated owins to the 
vnryiii^g degrees of valeney exhibited by the element. In its three most 
iiportant oxides, all of which give rise to corresponding series of salts 
t hmetions respectively as a di^ tri-, and hexa-valeiit efeme.i? wh Ic in 

ISuir'”'"* “ =■” eve" Sm- 

CrO, ehromous oxide, eoiitaining divalent clu’omimn is 

iH Sc?"te "f exampircZlnons 

niniirrm,),,,^ ^ similar m character to the ferrous nml 

.salts. The stabilitv nf fw sulphate, CiSO^.TIIaO, and its double 
order V—Cr—Mn. ^ ^ isoinorphous sulphates increases in the 

anXlerinxiS!''"R‘;& containing trivalent chromiuin, is an 
CrClg, and sulphate Cr (SO \ salts, such ns chromic cliloride, 

Jimilnrity iL «i<i show great 

in the formation of alums Sin/>P i./f aluramium as, for example, 
n weaker base than Smous Sd ’^^^ functions « 

content, the chioniie Vate Le m oxygen 

chronious salts. This is well mm?ed i? H than flic 

Again, m spite of the stability of cliromic Jlt^ eliioridcs. 

to form simple Cr- ions is e^iibited vddkZ’ n slight tendency 

much more readily, not only nrc formed 

ahiniimuni, but also complex e2nc „c • ff ‘^nse of iron and 

■series.- I„ this respect SfrZfmrribleZ^ f chroma, nminc 

An interesting form of isomerism nnd platinum, 

exhibited by chromic sahs"*’**^i”* i°” formation of 

«?«nlly exist in at 

In both ^'anet,es the chromium is in th2 * dmk blue 

20 
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“ •!;“ «'*. t™ ta »io», 

The probable eonstitStion nf precipitated, is also known, 

respective compounds. In a solntini?'^?^^ is discussed later under the 
gradually set up between the violet o ^ chromic salt equilibrium is 
of each presenWlSdh?»^in varieties, the proportion 

tion. aC Slet SSs concentra- 

form of the salt being less stable at ^ green, the violet 

of tlie green vaSet^? is alS ? 1 *^'«Peratures. The formation 

evanoTTtmn 2p ® i by concentration. Nevertheless 

b2 Sle .0 V ““ »f • 

to 95^ C., and return to violet nn If become green when heated 

much more slowly. i Owing to tlie d!ffi> ^ boivever, changes 

b;^es'S™?ctaiL“‘''“ combi„i.,e with strong 

fiTm™„b"r of l>nsltio.. of ohroraram « tho 

2CrOa ^Cr^Oa+SO, 

so that ehroniic eompouitds result, and the reaction is acconmaniffl l«f 
a colour change from yellow to green. acconiiiaiiitd by 

in ehmmhnn diL tetravalent element 

nc n w "^oxide, CiOa, but tins comiiound may also be considered 
ns a basic cliroimc cliromatc, CraOa.CrOa. Chromium aimTars m 
function as a pentavalent element in the oxychloride CrOCl^ and it<! 
dcrivatufcs. The porchromic acids and perchroirtes’ Imve lonrien 
bought to contain Iieptavalcnt chromium, but it would appear that 

no! 20. 40; of. Boouava, Vcnpl. rend., 1800, 
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some of tliosc compounds at least are derived from a iivnothetical 
ehronimm tetroxide, CrOj, in wJiich the element is hexavalent, thus : 



Tliese compounds arc extremely unstable. 


ClUlOMIUM AND HyDIIOGEN. 

No definite compound of chromium and hydrogen has been Drenared 
though the electrolytically deposited metal occludes thrc^ r the 
extent of 250 times its own volume. > ^ 


ClIJlOJIIUM ANB FbUOHINB, 

^ crystalline solid, 

Fluoride, CrFg, is obtained in the anhydrous condition 
liydi'ogen fiuoride over heated chromic chloride,* or 
by strongly heating a mixture of dried (but not ignited) chrom e oxide 

, wnicn melts at 1100 C, and sublimes at 1200° C Severn! 

E,S'“ vTr 

Imye co,?,,ta nuSrideUfXomTmSp^ Scribed, • a, also 

mcftcl™ ;,LZlt"rrtaoTO, ammoaiura, copier, zi„a. 


CrF3.2KF.HaO ; CrF3.8KF ; 
CrF3.2NaF.II3O ; 
CrF3.2NH4F.II,0 ; 
CrF3.CuF3.5Il30 ; 
CrF3.ZnP3.7H 0 ; 
CrF3.NiF3.7H3O ; 
CrPj.CoFj.rHgO. 


CrFa.sNHiF; 


’ CaiTcfcli ftiid (Juriy, J. Physical Ghem., 190C, o. 363. 

* 2 , S. 

, Roepp, Chem. Zentr., 1888, p. I4.S2' 

- l<a)jris, Gazzelta, 1800, 20 , 682. 

1626. Bav, 1008, 4.', 4242, Koooum. Compt. rend., 

» Sr; 

*^on, ,7. prahl. Chem.. 1889, [2], 40; 52, Hiif./. 


I9ia, 157 , 
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Ghromyl Fluoride, Cr02F2, Avas obtained by Uuvcrdorben ^ Avho, 
on heating a mixture of fluorspar and lead chromate with liimiiig sul- 
p luiic acid, observed the formation of a red gas, originally believed to 
be a higher fluoride of chromium, namely, CrF^ or CrFi„. Dumas. ^ by 
00 ing the gas, obtained it as a liquid. It is a blood-red liquid,® decoin- 
lluoride^ "'itli the formation of chromium trioxidc and hydrogen 

Cr02F2-)-Il20=Cr03-J-2lIF. 

It acts on glass, forming silicon tetralluoride, and with nmnioiiiurn 
chromate, a fluo-chroniate is formed.'* 

Silico -fluoride, C!r2F8.(SiF,j)3, is known in solution 
Chromium and Chlorine. 

Chlorlde, CrGlj, ma}'' be jirepared in tiic anhydroius 
‘j<^atmg chromic chloride, CrClg, to incipient redness in a 
i,. ^ hydrogen quite free from oxygen,® or at a high temperature 

clirnmiiin?*'^?^' cliloride vapoLU ' ; ® by jiassing hydrogen chloride OAmr 
ooi l! • M together with chromic eliloridc, by the 

A 1,1 "i ohloi’ine on a mixture of chromium sesquioxidc and carbon.® 
Aiinycimiis chromous chloride can also be obtained by carefully heating 
le hjalrated salt at 2.50° C. in a current of nitrogen.® It forms Avliitc 
lustrous liygroscopie needles of density 2-751 at 14° C.,*“ stable in dry 

Hin.ii * f'i^ticulty at a high temperature, the vapour 

density diminishing with rise in temperature, tliius : n 


Toinporatiiro, ® 0. 

Vapour Boiisifcy 

1300-1400 

1400-1500 

1500-1C0O 

7-800 

7-278 

6-2M 


vapour density corresponding to the formula CrCIa 

iNpi soluble in water, yielding a blue solution which may be 

used a,s a reducing agent,*® since it absorbs oxygen, even irom the air, 

i .‘“ffe ’■ '• ='‘- 

Ohviori, Gazzella, 1880, i6, 218. • ' 

1833.77,680.’’ “«!/“«’• 1801,4,18; Rohu, Anuaku. 

1844 13^ if .dint. Ohim. I'li’in., 

® Moissan, Oom2ii, re?ij., 1881, 92, 792, 

1006,4S?36l!““^““’ ^**’*^’ «'<■; Koppol. iJctfecA, anorff. G/iem., 

10 /-II T “ dm O/iim. Phys., 1887, |0|, lo. 1. 

brabfioid, Amer. C7iew. 1883, 5, 240 

Nilsoa a„cl Potte.^on, Trann. Ghcm. Soc., 1888. S3. 828; Gompt. rcml., 1888. lo?. 
loA 1004. 37. 3063 j Moissan, 
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j)rodu(*tion of an ox 3 ^chlorkle, Ci^Cl^O^ Foi^ this re as on it lias 
been proposed for use in gas analysis, but it is not a trustAVorthy re- 
ngent, the absorption of oxygen not being comiilete.^ The solution can 
readily be obtained by reduction, in absence of air, of a sohition of 
cJiroinic chloride, or of a mixture of iiotassium dichromate solution and 
fuming h 3 ^drochloric acid, by means of zinc ; ^ or, together with chromic 
eliloride, by the electrolysis of a solution of 2iotassmm chloride, using a 
chroniium anode, ^ 

A Vi til alkali hydroxide a solution of chromous chloride yields a 
yellowish-broip precipitate which absorbs oxygen, forming a hydrated 
chromo- chromic oxide,® Crg 04 .H 20 , 

The tetrahydratej CrCIg.ffl^O, is formed when chromous clilorido 
solution is rapidly evaporated to dryness below 50° C. in a vacuum,® 
The Jiydratc is caimble of existing in two distinct modifications, namely, 
as dark blue and dark green needles respectively, the solution being 
green when hot, concentrated, and acidulated, or blue if cold and dilute,^ 
The tth and dUydraies, CrC^Mlfi and CrCl2.2H20, also exist,® the 
formci' as pale blue crystals and the latter in a light green amorjihoiis 
comhtioji, A hCiVahydratej CrCl2,6H20, has also been described, but its 
existence has not been confirmed.® In solution, chromous eliloride is 
eatal 3 diea]ly decomposed by platinum,!® A hydrochlmde, 3CrCl2,2lICl. 
»ill 2 U, js lormed on jiassing h3'^drogen chloride free from oxygen into a 
eoncentrnted solution of tlie salt.^i It is a fine powder, unstable at 20° C, 
Chromic Chloride, GrClg.— The anhydrous salt may be obtained 
ni niethods, for example, (1) by heating metallic chromium 

^ chlormc ; 12 (2) by passing a stream of chlorine 

the sesnninvirf^ sesqiiioxide at 440° C, ; (3) by heating a liiixLiirc of 
the scsqmoxidc and carbon in a stream of chlorine ; (.U by tlie action 

^ a rrefSf!®" nionoxide and chlorine on chromium sesquioxido 


Cr203+3C0-(-3Cl2~2CrCl3+SC02 ; 

h'ichloride and chroniyl chloride, 
(sec p. 91); or of ehromyl chloride, carbon monoxide, and 

1900, 33, 1742! ' 1854, [3], 40, 46 ; Manoliofc and Iforzog, 

I Anilei-sou and Riffo, J, hid. Eng. Ghem 1910 ft 
* Moissan, Ann. Ohm. FJm 

! Kjiossner, 16 ^ he. cti. 

I Religot, Compi. rend., 1844, 19 , 009. 734 
7 Soo., 1911 00 87 

188^[0J^Vl0; * Recoum, Ann. Ohim. 

y b 94> 87, See also Konrifil ZflifvrJi * Rnight and Hioli, 'Fmufi 

w: SEYA’™? 5 ‘ -n Sf 

H P/tys., 1882 fV at'* jm [2J, ly 205 
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chloriiie.i (6) Uiuloubtedly the most convenient methocl i,s that of 
Bourioii,* who finds tliat suliJhur chloiide alone is preferable to a 
mixture of that substance with chlorine for the chlorination of the oxide 
1 recipitated calcined chromic oxide is attacked by sulphur chloride at a 
temperature rather above 400® C., but below red heat : 

OSjClg -f2Crii03 =4CrCla+8SOa + 9S. 

Modifications of the foregoing and other methods have been suggested.^ 
e chromic chloride forms large, lustrous, unctuous plates 

of the colour of peach blossom, of density * 2-757 at 15° C. It has a 
specific heat of 0-1 43.® Its vapour density just above 1065° C at 
which temperature it volatilises, is 6-135 {air=l), whilst at 1200® C. it 
ajiproximates to the theoretical value, 5- 478, required by the formula 
LrLla. At much higher temperatures partial decomposition takes 
place, with consequent diminution of the vapour density,^ 

Chromic chloride is reduced at a red heat by hydrogen to chromous 
chloride, and by zinc or magnesium to metallic chromium. Heated in 
air, green chromium sesquioxide is formed; in oxygen or moist 
chlorine, chromyl chloride is jiroduced.'' On strongly heating in dry 
ammonia, the nitride, CrN, is obtained, whilst in presence of ammonium 
chloride, the lower chloride is formed ; in hydrogen sulphide, the black 
crystalline sesquisulphide Cr^Sj, and with phosphorous pentachloride 
the double chloride 2 CrCl 3 ,PCl 6 , are produced.® Mineral acids, includ- 
ing even aqua regia, have no action on the anhydrous salt ; fused alkali 
hydroxide or carbonate, in presence of nitrate, yields alkali chromate 
and chloride. Anhydrous chromic chloride is almost insoluble in cold 
water, but dissolves readily in presence of verj^ slight traces (O-OOOOl per 
cent. ) of chromous chloride, either previously added or formed in solu- 
tion by the addition of a reducing agent such as tin, zinc, ferrous or 
cuprous chlorides.® It has not been proved that the catalytic infiuence 
of these reagents is wholly due to the formation of chromous chloride. 
Chromic chloride is sparingly soluble in boiling water, i® 

I'l of chromic chloride is readily obtained by tlie action of 

ciilube hydrochloric acid on chromic hydroxide, or on chromium sesqui- 
oxide which has not been ignited ; this solution on evajioration yields 
an amorphous, deliquescent, green mass, .soluble in water and in alcohol. “ 

1 he product on heating in hydrogen chloride or chlorine at tempera- 
tures above 250° C. becomes anhydrous, at the same time assuming 
tiie usual colour of the anhydrous salt. Easic chlorides are formed by 

> Domar^ay, Oompt. rend., 1887 , 104 , 111 . 

® Bourion, Ann. Ohim. Phys., 1910, 18], zi, . 5 ( 1 . 
n ■ ^ > 4’cllonborg, l>urj<j. Annale.n, 1840, 50 , 70 ; Brunnor, 

iff' I m * 8 . 307 J do Claubiy, Ann. Ohim. 

ihys., 1840, 4 S, 110; Vo-wiaor, Zeitsch. anal. Ohem., 1880, 28 , 324; Matigiion a.ul 
Boiinoii, Oampl. rend., 1004. 138 , 700 ; Monrolo, Ami. Fh. Quim., 1010 , 8. 108. 

001 1883 , 5, Clarko, J. Amer, Qhem, Soc., 1892, [ 3 ], 14 

281, gives (lonsUy at 17. 2® C. = 2-367. « Kopp, Anmkn, 1804. 3 , 204 ^ 

“ JUilson aiitl Pottorasoii, Ohem. Soc., 1888, 53 , 828; Oompl. rend., 1888, mv. 

r. 1 „ ’ Moissiwi. loc. cil. ' 

■I -J Bar,, 1873, 6, 1400 ; Barrcswill, J, Pharm,, 1844, [ 3 ], 4, 456 • Lowol 

1845, [3], 7 , 424 ; Bccoiim, GmnpL rend,, 1880, 102 , 923; Biingo, Am, Zenlr,, 1805i 
p. 258 ; Rohlaiicl, Zeitsch, anorg, Ghem., 1901, 29 , 159. 

mro 1001, 36. 173; Kohlatul, Zeilach. uuorg. Ohem., 

1 84 1’ T^’ ra-i ^ -folouzo, Ann. Ohim. Phys., 1845, {3], 14 , 261 ; Poligot, ibid., 

h ^ 4 °' Jaccpiolaiii, Oom2>l. rend., 1817, 34 , 079. 

Pdligot, Ann. Ohm. Phys., 1844, [3], 12 , 637 ; Beooura, Oompl. rend., 1880, 102 , 616. 
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heating the hydrated chloride in air.^ A number of hydrates, one at 
least appearing to exist in three isomeric forms, liave been prepared. 
'The hydrates in solution all yield the same hydroxide, Cr(Ori)3, on 
treatment with an alkali hydroxide. 

Jlilutc solutions of the chloride are violet in colour, wliile more eoii- 
ecutrated or acidulated solutions are green, the colour depending on 
the cqiiiUbrium establislicd between the green and violet modifications 
of the salt 2 which is in solution as the liexahydrate^^ CrClg.^ITgO. The 
amount of tlic green salt 2)resent at equilibrium increases 'with concen- 
tration. The violet modification is precipitated before tJie green when 
hydrogen chloride is passed into a boiled solution of the mixture. From 
deliydration experiments Werner concluded tliat the molecule of the 
green liydrate contained dTIgO as water of constitution and 2IT2O as 
water of cr3^staIlisation, while the violet modification contained OH^jO 
as water of constitution, Olie confirmed these results at ordinary 
temperatures, but found that at 100 ° C, both varieties lost approxi- 
mately d-HaO. Further, Werner found that from solutions of the violet 
hj^dratc, tlie wliole, and from solutions of tlie green hydrate only one- 
third, of the chlorine could be precipitated by a soluble silver salt. 
Although the amount of chlorine precipitated ai^pears to depend to a 
certain extent on the conditions of the experiment, yet it is evident 
tliat in the two salts the chlorine is not all similarly coinhincd. Tlie 
isonierisni was explained by Werner according to the co-ordination 
tlieoiy,^ and the violet and green chlorides were considered to i)ossess 
the fonnula; [Cr(II,0)JCl3 and i;CvClj{HjO)JCl.(IIgO)a respectively, 
the former being termed the hexaquo salt and the latter dichlortctraniio- 
eliroinie chloride, or simply diehlorchromium chloride.® ^ 

It has been suggested ® that the gi'eyish~bliie or violet ehroniie 
chloride is bimolecular, 2[Cr(H20)9Cl3], while the green variety is uni- 
molecular. This is not accepted by Bjerrum,’ who considered that in 
order to interpret the equilibrium changes of a concentrated solution’ of 
chromic chloride, it was necessary to assume the presence of a third 
isomeric hexahydrate in the solution. This lie succeeded in isoliitiiiLr 
as very deliquescent pale green crystals, by adding ether saturated ^vilB 
hydrogen chloride to the solution remaining after precipitating the 
violet salt with hjalrogen chloride. Two-thirds of the chlorine pivsent 
111 this compound may be precipitated by means of silver nitrate, so 

chloride, 

Li dilute solution the dark green hexahydrate clianges rapidly to the 
light green salt, and then more slowly to tile violet siiit,® thus \ 

CrClj(I-l20),,]Cl.{H20)2, dark green, 

CrCl(H O)3]Cl,Il26, light gremn, 

> [Cr(IT20)3]Cl3, violet. 

1 Beizclius, Tram de ehmie, 4, 400 ; P61igo6, loe. eil. 

G/,ei« ? 18oi“5T2a 1005, 8. (itt, Olio, Zamch. a,wrg. 

i 1882, 22, 375. , V , V 

OUoy dieilsch. anorg. Ghem.y K 2 48 ft9 . Wm... in i 

Wcinlnna and Koch, Zeil^h. a iorg.blAm so 206 lli™ 34. 1570 ; 

Hi« cw..A Iw .9oc., 1304 f 26 . 6 l 3 .Me, 30- l^O? , 

‘ barn! au.l Ummmling, Zcilsch. phyM U. ChL., 1008 fiVl’ 28 
I .fcirf 1910. 73, 724 ; 1007, 59. 681 ’ ’ ’ 

HeydweiUer, AtiiscK anorg, GUvu, 1916, 91 , qo. 
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The influence of light ^ and of the presence of neutral chlorides ^ on 
the transibrmation has been studied.^ 

13y dehydration of the green hydrate, Bjemim ^ obtained two red 
substances, 2CrClg.3H20 and SCrClgJIaO. Other hydrates are the deca- 
hydrate^ CrCl3,10ll2O, and ietrahydraie^ CrClg.dTIaO. Tlie former yields ® 
brilliant green triclinic crystals, strongly dicliroic, and can be obtained 
by triturating the hexahydrate with the calculated amount of water,® 
AVerner and Gubser ’ assign the formula 

to the decahydrate, which in dry air loses Avater, being converted first 
into the hexahydrate and finally into the tetrahydrate, a pale green, 
slightly hygroscopic jrowder.^ A hydrate, 2CrCl3.9l-l20, has also been 
said to exist.^ An alcoholate, CrCl3.3C2H50H, in the form of red needles, 
stable in dry air, has been obtained by the action of dry Irydrogen 
chloride in absolute alcohol upon metallic chromium.^® Double salts 
witli alkali chlorides, with antimony pcntachloride,^® ivith organic 
bases, ammonia (for example, 2CrCl3.12Ml3,2H20 and 2CrCl3.10NH3), 
and substituted ammonias are known, Complex halogen-halides (sec 
(p. 81 and chlorsulphates (see 2^* 83) have also been obtained. 

On progressive hydrolysis, chromic chloride gives rise to two 
soluble basic chlorides, Cr(OIi)Cl2 and Cr(OH)aCl, and an insoluble 
grey-green hydroxide. The compound, Cr(OTI)2Cl, is never present 
in any large 2^i'02)ortioii, and the hydroxide is only formed upon 
addition of alkali. The Ibrmulai of tlic three compounds are probably 
[Cr(H20)3(0H)]Cl2, [Cr(H20)4(0II)2]CI, and Cr(H20)3(0II)3 resi^ectively. 

Oxychlorides*’ — Several oxychlorides of chromium said to 
ijossess definite formuhe, for cxami^le, CrgClgO.^IIgO, CraCl4(OH)2, 
CraClo.CraOg, Cr^ClaCOII)^, CraCUOH)^, Cr203,8CrCl3.24H20, 
^CrClg.OHaO, 2Cr203.2CrCl3, and CrOChBlIgO, have been described, but 
possibly some of tliem are merely 2>hysical mixtures* Basie ehromiiim 

1 Kiu’ilov, J, R%t 88 , Phys, GhenL Soc., 191 C, 47, 409 ; JCoUoid, Zaitsch,, 10.14, 14, 171, 

2 Baldwin, J, Amur. Lealhcr QlmL Assoc,, 1919, 14, 10. 

^ For density and electrical ooiicluotivity doternunationfj, flco HoydwoilLer, he, cii , } 
Hoi^fgartnor, Monatsh,, 1919, 40 , 250. 

'* Bjorrmn, Per,, 1907, 40 , 2916, 

^ Godefroy, Pull Soc, chhn,, 1886, [2J, 43 , 229, 

° Olio, Zeilsch, anory, O'Acw., 1907, 53 , 208. 

’ Wornor and Gnbser, Per,, 1900, 39 , 1823, 

** Godefroy, Gompl rend,, 1886, 100 , 106. 

0 800 fiho Lowol, Ann, Ghim, Phys„ 1846, [3], 14, 240 ; 1854, 40, 43 j Henamiunt, 
Compl, rend,, 1861, 32, 702 ; Foytis, ibid,, 1913, 156, 880, 

Koppel, Zeilsdi, anory, Ghem,, 1901, 28 , 401, 

Wornor and Giibscr, Per,, 1900, 39 , 1823; AVoinland and )So)iuniuii!i, ibid,, 1907, 4o> 
3707 ; Bjorrum and Hansen, Zeilsch, anory, Ghem., 1909, 63 , 161, 
rfciilor, Zeilsch, amry, Gkeni,, 1903, 36 , 349, 

13 Pfeiffer, t7«V/., 1907, 55 , 97; Bennett and Turner, Trans, Ghem, Poe,, 1914, 105 , 
1067. 

11 Ldng and Joliffo, Proc, Ghem. 80 c., 1903, 19 , 147 ; Lang and Caraon, ibid,, 1903, 19 , 
147 ; J, Amer, Ghem, Soc,, 1904, 26 , 768. 

i'* BjeiTum, Zeilsch, physikal Ghem,, 1910, 73, 724. 

1 *^ 8 chiff, Annnlen, 1862, 124 , 167 ; Klotzinsky, Zeilsch, Ghem,, 1800, p. 127 ; ALoberg, 
./, prakt. Ohern,, 1843, 29 , 176 ; Lowcl, ibid,, 1840, 37 , 38; P 6 Hgot, ibid,, 1840, 37 , 475; 
Ordway, Amer. J. Pci,, 1868, [ 2 ], 26 , 197 ; Bechamp, Ann, Ghim, Phys., 1809, [3J, 5^» 30U; 
13], Sly 290. 
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{Ci^Tc]°*^nd^’c?o^rf^* known, 1 and two compounds 

UlL ‘oU.r£f^ZtMe7X cttySride SScr^ T' 

prei^arecl.^ The former i'CrCi \ ni i * i have been 

180 C. It yields oxygen and a brownish-black residurof C O PI 

chromium appears to be nentavalpni- CrOClj, in which 

chlorides of the alkali metaband of iel+ni^ ® double salts with the 
CrOCL.2KCl is obtSiSl 7s » ^ f^ganic bases. For instance, 

chloride a mixture of a solution treating with hydrogen 

trated solutimr of clwoiS aHd J a concen- 

£-if XSiS: ?rr sISf Set 

is readily pLpaJecrbtdistlhn^a nvT™1 chlorochromic acid, 

or diclninU antsKf 

8KAO,+6NaCHl2ir,SO,==6iaiSO,-bCNaI-ISO,+8CrO,Cl,+6H^ 

Suite o?e?L?rcutT a ciuSt’Sf the dis- 

iii concentrated hydrochloSr’neW tS? 'Tr ° ^"l^ydride. CrOg, 
sulpluuie acid, when ohromSi p 1 i m ®^cess of concentrated 

bottom and mV ?yl»eh sinks to the 

the liquid in order to remove i aspirating dry air through 

as before, to fiacSonilTsImtoS subjected, 

(a) by heating toShSr ’ two em.?; i formation are I 

of chmmic aifhydrideror 

(h) by passing hydronen dilorib t ferric chloride ; 

heating together i)hVDfiorus nSitth?n?’i anhydride j « (c) by 

or potassium dichromate • I'd l' bv ^ ^^^^'y'b’ide 

T .. 


chloric acid up^rihc s^^ou 
pow'dered chromic acid, acetyl cliloride ind 
ill carbon tetrachloride sohiSon ii tI ’i . ^ glacial acetic acid 

chloroehroinate with suhSuS also produced by heating a 

(CrO,),Cl, (q.v.). acid, or by heating the oxychloride 

I !’• 330. 

4042 ; 1907, 40 , Woiiilaml and t^edorer, ibid., 1900, 30 

» ^304. so, 93. 

Moles P^SO- Anmden, 1834, 33 , 343 ; 

lK®98a682?L7vayp^^^^^^^ 1882. 15. 1116; MoiBsan, 

Geijthor. Anmden. 1868. io6, 230 ; 1861 im 09 
Mo.™„ Ann. Ohm. Phys., 1886. (0 "s ,668 ’ 

,l I '5* 1858, io 6 , 110. ^ 

•> TpiT‘®i ‘’ 35. 2067. 

■I'ly, J. Amer. Chetn. Soo., 1911, 33 , 897. 
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Cliromyl chloride is a dark red, mobile liquid, of mean densitj’^ 
1*9587 at 0° It boils at 116*68° C. under 760 mm. j 3 ressure, and the 
solid melts at —96*5 ±0*5° C. It has been suggested for use as an 
ebiilliscopic solvent,^ and gives a constant of 55 with chromic anhydride. 
Its yellowish-red vapour, which absorbs all the light from a luminous 
source except a narrow band in the red,^ has a density ^ at temperatures 
up to 200° C, of 5*85 (air— 1) corresponding to the formula Cr02Cl2. 

. Chromyl chloride fumes in air owing to the fact that it is decomposed 
by water into chromic and hydrochloric acids. Tlie fumes when intro- 
duced into a Bunsen flame exhibit a characteristic spectrum.® When 
sufficiently purified by distillation, and free from access to moisture, 
chromyl chloride may be kept unchanged for a considerable time,® 
though on very long standing some dark coloured solid — ^probably a 
polymeride — ^is deposited.^ This tendency to polymerise is also sug- 
gested by the results of cryoscopic molecular weight determinations in 
carbon tetrachloride, tin tetrabromide, or antimony pentachloride. 

When heated in a sealed tube at 180° C. for three hours, chromyl 
chloride is converted to chromium chlorochromate (tri - chromyl 
chloride)® and chlorine, while by passing through a tube heated at 
400° C., a grey or black deposit is obtained, consisting largely of the 
magnetic oxide, CrgO^ ; ® at red heat the sesquioxide is formed, It readily 
parts with oxygen and chlorine, and is therefore an energetic oxidising 
and chlorinating agent, for example, towards sulphur, liydrogen sulphide, 
pliosphorus (with explosion), hydrogen phosphide, phosphorus trichloride 
(see p. 91) and oxychloride, alcohol, turpentine, benzene and other hydro- 
carbons, fats, camphor, caoutchouc, and organic substances in general.^® 
In dry ammonia it burns, forming ammonium chloride and chromium 
dioxide (see p. 39). When ammonia gas is passed into a solution of 
chromyl chloride in acetic acid or chloroform, a slightly soluble brown 
substance, having the composition Cr 30 o(ONH 4 ) 2 , is formed.^^ A mixture 
of gaseous chromyl chloride and dry chlorine passed over carbon heated 
to redness yields chromic chloride in a well -crystallised condition, The 
course of the reaction appears to be ; 

2Cr02Cl2+Cl2+4C-2CrCl3+4C0. 

‘ Molefl and G6mez, Anal, Fis, Quim.^ 1012, lo, 43. For earlier values, see Thomson, 
Pogg, AnnaUn^ 1834, 31, 007 ; Walter, Ann, Ohm, Pliya.^ 1837, 66, 387 j Thorpe, Trans, 
Ohm, Soc.i 1880, 37, 327 ; Carstanjou* praH, Ghem.f 1897, [2], 2, 60, 

® Bookmann, Zsilsch, anorg, Chm.j 1912, 77, 90. 

* Stoney and Reynolds, Phil Mag,, 1871, [4], 41, 291 ; B,A, Peporls, 1878, ii., 434. 

Carstanjen, loc, cit , ; Moles and Gomez, Zeitsch. physikal Ghem,, 1912, 80, 613 ; 
Dumas, Ann, Ghvm. Phys,, 1820, 31, 436; Walter, he, til 

® Gottsohalk and Drcohsel, J, prakl, Gliem,, 1803, 89, 473. 

^ J5tard, Ann, Ghim, Phys,, 1881, [6], 22, 218 ; Carstanjen, he. cU , ; Law and Borkin, 
Trana, Ghem, Soc,, 1907, 91, 191. 

^ Moles and G6moz, Anal Fis, Qimi„ 1914, 12, 142, 

® Thorpe, Tram, Glmn, Soc„ 1878, 8, 41 ; Sohafarik, Bull. Soc, chim,, 1864, i, 21. 

® Sond and Ishiwara, Sci, Bep, Tdliohn Imp, XJniv,, 1914, 3, 271. See also Woliler, 
Annalm, 1869, iii, 117 ; Pogg, AnnaJen, 1834, 33, 331. 

Liebig, Pogg, A^utalen, 1831, 21, 369 ; Sohrotter, AmiaUiij 1841, 37, 148 ; Ilointze, 
J, prakl Chom,, 1871, [2], 4, 211 ; Carstanjen, ibid., 1870, [2], 2, 61 ; Ber,, 1809, 2, 632 ; 
iStavd, Oompl rend., 1877, 84, 391 ; Bull Soc, chim,, 1877, [2], 27, 249 ; Kemp, J, Pliarm,, 
1834, 20, 413 ; Miohaolis, J, prakl Ghem., 1871, [2], 4, 449 ; Spoiico and Galletly, J, Amer, 
Ghem. Soc., 1911, 33, 190 ; Sohiil, Annalcn, 1867, 102, 111 ; Cassolmami, ibid., 1856, 98, 
213 ; Weber, Pogg, Annalen, 1869, 107, 376 ; Cronander, Ber., 1873, 6, 1466. 

Bideal, Tram. Ghem. Soc., 1886, 49, 307, 

Heintzo, loc. cU, Mourelo and Bands, Anal Fis. Quim., 1910, 8, 366. 
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Chroniyl eliloridc absorbs chlorine readily ; it dissolves iodine, ^ forming 
a solution vdiicli on heating yields trichromyl chloride, Ci^^OoClg (see 
below), and iodine nionochloride ; with an aqueous solution of potassium 
chloride, potassium chlorochromate (see p, 63) is produced.^ 

Neither bromine nor iodine forms compounds analogous to chromyl 
chloride under any of the conditions given above {cf. p. 31), conse- 
quently the i^rescnce of a chromate in the aqueous solution of the 
distillate obtained by distilling a chloride, bromide, or iodide, or a 
mixture of these, with potassium dichromate and concentrated sulphuric 
acid, is siifiicient evidence of the presence of a chloride in the mixture 
investigated (see id. 106). 

Trichromyl Chloride, CrgOgClg, also known as chromvam chloro- 
chromaie^ is foi'ined, together with chromyl ehloi'ide, when potassium 
clilorocliromate, CI.CrO^.OK, is distilled with concentrated sulpluiric 
acid ; ^ by distilling a solution of iodine in chromyl chloride (sec above) ; 
and by the action of chlorine upon chromium chromate (chromium 
dioxide). It is prepared by heating chromyl chloride in a closed tube 
for several hours at 180° C. as a black, amorphous, deliquescent powder, 
the aqueous solution of which evolves chlorine. It is readily reduced 
by hydrogen and is decomposed on heating in air. With hydrocliloric 
acid, chlorine and cliromic chloride are produced, while ammonia yields 
ammonium chloride and chromium chromate.^ 

Chromium Chlorate, Cr(C10g)g, which is obtained by tlie double 
decomposition of barium chlorate and chrome alum, forms a violet 
solution which becomes green at 65° C. and decomposes on boiling, 
yielding chromium hydroxide and oxides of chlorine. The decom- 
position is facilitated by potassium ferricyaiiide.® The salt is used in 
calico printing ^ and for increasing the permanence of aniline black. 

Chromium Perchlorate. — By dissolving chromium hydroxide in 
perchloric acid, and subsequent cautious evaporation, short green 
deliquescent ^needles of chromium perchlorate, soluble in alcohol, arc 
obtained,’^ iwo bluish-green perchlorates, probably derivatives of the 

and [Cr(I-I,0),](C10^)3.3H,0, have 

Chromium and Bromine. 


.V SOUQ, WHICH DecoHies yellowish on fusion and yields 

biomWe on exposure to air. It is soluble in water, 
torniing a blue solution which can dissolve large quantities of violet 
ol'loridc, and which rapidly absorbs oxygen from the air. 

?c d beating a dilute solution of chromic 

acid with hydiobiomic acid and reducing with zinc, 

1 Uolyor, Chem. News, 1873, 28, 138. 

^ Poligot, Ann, Gkim, Phya., 1833 , 52, 267 
' Mi\\ovf, Vogg, Annakn, 1871 , 143, 328 ,' 

J Ihorpo, Trans, Qhevi. Soc., 1870, 8, 41 
Inulliomme, OJmy Zentr,, 1890, i., 608 ; Saget, ibid 1902 i 07 
Uesiiierixjs and othera. Dingl poly, J., 1878 228 2Q0 * 

’ GoklblumandTorliM^^^^^ ™ 

» W"n anory, OJietu,, 1913* 84' 368 

® Wohler and Ikiick, AnnahtK 1869 . 
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Chromic Bromide, GrBrg, sublimes as dark green, lustrous hexa- 
gonal crystals, slightly dichroic,^ when pellets of an intimate mixture 
of carbon and chromium sesquioxicle are heated in dry bromine vapour, 
or wlien strongly heated chromium is acted upon by bromine va2:)Our 
ill an atmosf)here of nitrogen.^ When "chromic bromide is heated in 
air, chromium sesquioxide is formed ; it is easily reduced by hydrogen, 
and is attacked by fluorine at a red heat. The anhydrous salt is in- 
soluble in water, but dissolves in the presence of a little chromous salt. 
A green solution is also obtained by dissolving chromic hydroxide in 
aqueous hydrobromic acid, or by digesting silver chromate in an alco- 
holic solution of hydi'ogen bromide. The hexahyclratey CrBrg.OHgO, 
exists in two isomeric modifications,® as bluish-grey (“violet’’) and 
green crystals resiiectively, the former being stable in solution. The 
green variety, dibromteiraquoohromic bromide [(H20)4CrBr2]33r. 211^0, is 
obtained as green deliquescent needles by evaporating a mixture of a 
saturated solution of chromic acid with excess of 50 jier cent, hydro- 
bromic acid. The crystals are soluble in water and alcohol, but in- 
soluble in ether ; in the solid phase they are stable, but in solution, 
especially on warming, the violet modification is raiiidly ^ formed with 
evolution of heat. On boiling a concentrated solution of the green 
salt, and saturating with hydrogen bromide after cooling, the violet 
hydrate, liemquochromiwn bromide [Cr(riaO)g]Br3, is deposited in fine 
hygroscojnc crystals, very soluble in water, but insoluble in alcohol. 
The heat of transformation of the violet to the green variety is 2*15 
Calories -pev gram-molecule.® An octahydraie, CrBr3.8ri20, is described ® 
in the form of violet cubic crystals, obtained by the interaction of 
IDotassium trichromate (see p, 62) and hydrobromic acid* The double 
salt, [(H20)CrBrg]Rb2, is stated ’ to exist. 

Complex Halogen-halides. — ^Two salts, dichlorieiraqitochroimc 
bromide [(H20)4CrCl2]Br and dihroinletraquochromic chloride [(HgO),^ 
Crl3r2]C]. 21120, have been described,® as also has the com2^ouncl, 

Tliere is some reason for the belief^® that the interaction of chromic 
acid and acetyl bromide causes iutermediate formation of unstable 
chromyl bromide, CrOgBrg. 

Chromium Bromate, Cr(Br03)3, is said to have been obtained 
by evaporation of the filtrate from a mixture of chromic siilpliate and 
barium bromate, 


Chromium and Iodine. 

Chromous Iodide, Crlg, can be prepared^® by the action of 
hydrogen iodide on chromium at a red heat, or by the reduction of 
chromic iodide by means of hydrogen. Reduction in solution jiroduces 

1 Wohler, Anmlen, 1869, iii, 382. 

® Dcrtheinot, Ann, Ghim. Phys,^ 1830, 44, 383; Wolilor ami Daiiok, loo, cU. ; Moissaii, 
loG, ciL 

^ Ilccoura, Com2^L rend.^ 1890, no, 1029, 1193; AVorner, Annalon, 1902, 322, 290. 
Heydwoiller, ZoiU^ck, anortj, Chom.y 1916, 91, 00. 

® llccoiu’a, loc, cil. ^ A^aronno, Gomjd, rend., 1881, 93, 727. 

AVomer, loo, oil. ^ Bjerniin, Ber., 1907, 40, 2917. 

^ Rccoura, Compt, rcmly 1913, 157, 1626. 

Fry, J. /Iwer. Ghent. Soc,, 1911, 33, 097, 
llammelaborg, Poyg, Annaleny 1842, 55i 87. 

Moissan, GompL rend.y 1881, 92, 1061 ; Ann, Ohim, Phys,y 1882, [6], 23, 409. 
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a hydrate associated with a salt of zinc, Chromous iodide is a greyish^ 
wliite powder, soluble in water ; the solution absorbs oxygen, giA'^ing a 
green solution. Its general properties are similar to those of the other 
chromous halides. 

Chromic Iodide, Gria.— Moissan states that, by the action of iodine 
vapour in a current of nitrogen upon chromium at a red heat, reddish 
crystals of chromic iodide are obtained. An uncrystallisable solution 
is produced by digestion of silver chromate in alcoholic hydriodic acid. 

Chromium lodate, Cr(I03)3, is formed as a brown precij^itate by 
the addition of sodium iodate to a solution of chromic chloride.^ 


CiiRoariuM AND Oxygen. 


Four well-defined oxides of chromium are known ; — chromous oxide, 
CrO 5 chromic oxide, Ci^Og ; chromium dioxide, CrOg ; and cliromliim 
trioxide, CrOg. Chromous oxide, in which the metal is divalent, is 
basic in character and gives rise to the chromous series of salts ; chromic 
oxide, containing trivalent chromium, has both basic and acidic pro- 
perties,^ since, on the one hand, it gives rise to chromic salts, and on the 
other, it is soluble in alkalies with the formation of chromites j the 
dioxide, CrOg, may be regarded as chromic chromate, CrgOg.CrOg ; 
chromium trioxidc, which contains hexavalent chromium, possesses only 
acidic characters, combining with alkalies to form chromates. A 
number of other oxides, which may be regarded as compounds of the 
above, have also been described. The heptoxide, CvgO^, regarded as 
the basis of some of the perchromates, has not been isolated. 

Chromous Oxide, GrO, is obtained ^ by the oxidation in air of 
cliromiiim amalgam ; or, preferably, by the action ^ of dilute nitric acid 
upon chromium amalgam, It is a black powder which inflames ^ ^vhen 
struck with a pestle, or when heated in the air, but not in a vacuum, and 
burns, forming the sesquioxide. It is insoluble in nitric acid and in 
dilute sulphuric acid, but in hydrochloric acid it dissolves, forming a 
blue solution and liberating hydrogen in accordance with the equation : 


3CrO+8HCl-CrCl2+2CrClg+8HgO+H2, 


When heated to 1000^ C, in a stream of carbon monoxide it is con- 
verted into a mixture of oxide and carbide, wliile hydrogen under the 
same conditions reduces it to the metal.® 

M hen an air-free solution of caustic potash is added to a solution of 
chromous chloride in absence of air, a brownish-yellow preciiiitate of 
chromotc^ hydroxide ^ Cr(OH)2, obtained which may be dried over 
sulpliimc acid. On heating in the presence of an inert gas this does 
not yield chromous oxide, since it decomposes ® according to the 
equation : ^ 

2Cr(0lI)2=Crg03+IIg+II^0. 


Ghromo-chromic Oxides.— Two hydrated oxides, CrgO^.HjO and 

1833, 27 , 676; Giiuiul, 
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2Crg04.4J-l20, arc said to exist, the former being described by Poligot ^ 
as a ]:)rodnct of tlie action of heat on chromous hydroxide, wliilc the 
latter is obtained ^ as a ycllowisli-brown powder with vigorous reducing 
X^ropertics, stalde in dry air, but deeomxiosed on lieating^ by the decom- 
])osition of the double chromous potassium carbonate with boiling water 
in absence of air. The existence of an oxide, of composition 2Cr0.Cr03 
or SCrO.CrOg described hy Bunsen/ has not been conlirmed.^ 

Chromic Oxide, Chromium Sesquioxide, CrgOg, which occurs 
naturally in chrome ochre (see p, 8), exists in both amorphous and 
crystalline forms. The amorx^hous form may be obtained by calcina- 
tion of a mixture of three parts of x^otassiuin chromate with two ])arts 
of sal-ammoniac ; ^ by heating potassium dichromate with sulx^hur ; 

K,CrA+S-K2S04+CrA> 

or with starcli,’^ and exti'action of the residue with water ; by gentle 
ignition of mercurous chromate or ammonium chromate ; by heating 
/inely divided chromium in oxygen ; by ignition of cliromic hydroxide, 
Cr(Ori)g ; or by heating chromic chloride in air/ The substance can 
be obtained in the crystalline condition by passing chroniyl chloride 
vapour through a red-hot jiorcelain tube ® when the following reaction 
occurs : 

4Cr0A2=-2Cr203+02-|-4Cl2 ; 

by heating to briglit redness a mixture of potassium cliromatc or 
diclu’omatc with common salt/® by heating potassium chromate to 
redness in a current of chlorine, hydrogen chtoride, or hydrogen/' by 
heating to redness potassium dichromatc alone ; by fusion under suit- 
able conditions of the amoi'idious oxide ; and ]>y various otiicr 
methods. 

Amorphous chromium sesquioxide is a green powder, the tint of 
^vhich depends u]:)oii the method of x^reparatioii ; the colour becomes 
brownish on heating. The crystalline oxide forins very dark green 
Jiard crystals ))elonging to the trigonal system (di trigonal scalcno- 
hedral) : 

a : c=l : 13770 ; a=^S5^ 22', 

^ P6Hgot, ?oc. ciL 

2 Bang 6, OompL retid,, 1898, izy, 661. 

^ Biinsoii, Pof/ff, Annale7i, 1864, 91, 022. 

^ See Gent her, A^malen, 1861, u8, 00. 

Wohler, Poffff. A 7 male 7 i, 1827, 10, 46; do Lima, A 7171 . 0/im. Vkys., 1863, [3], 68, 
183 ; Bofctgor, J, prakl, OJmn,, 1843, 30, 265 ; /Imifl/cw, 1843, 47, 339, 

* Diotorioh, Zeitsch, Oltciii., 1800, p. 273 ; Lassaigne, A 7171 , Okhn, Phyfi,^ 1846, [3], I4» 
290. 

’ Barian, A7i7ialcii, 1846, 6d, 203. 

® See al8o Borthior, An7i, Ghhn. Phys,, 1821, [2], 17, 60. 

® Wohler, Pogg, A7inale7i, 1834, 33, 341, 

^0 Sohiff, An 7 iak 7 i, 1868, 106, 114 ; Ditte, Gompt, rend,, 1902, 134, 330, 

“ Pr6iny, Aimaleii, 1844, 49, 274 ; Muller, Pogg, A7mak7i, 1860, 127, 404 ; Otto, 
Aimakn, 1807, 14^, 102, 

Gontolo, t/. prakl. Ghein., 1860, 81, 418, 

Pr6my, Goiiipi. rmd., 1867, 44, 034; Sidot, ibid., 1869, 69, 201; Ebelmon, A7111. 
Chwi. Ph7j8., 1848, [3], 22, 211. r. , o 

See Klotzinaky, Jahresber., 1866, p. 208 j Evans, Zdtsch. (mgew. OAew., 1891, 4, 18 ; 
Ebeli, Gingl poly. */., 1876, 220, 64 ; Blake, A 7 i 7 iakn, 1861, 78, 121 ; ^Iwcr. J. Sci, 1860, 
[2], 10, 352. , 
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and isomorphoTis with aluminium and ferric oxides.^ Its density is 
6-04 ^ and tlie mean values for its specific heat are as follows : ® 


Temperature, ° 0 , 

Speoifio Heat, 

^191 to 

0*0711 

— 76-5 to 0 

0*1474 

+ 2*4 to + 49-3 

0*1805 


It possesses magnetic properties,^ 

The crystal structure has been investigated by the Hull powder 
method of obtaining X-ray diffraction patterns.® Tlie molecule is hexa- 
iieclral, consisting of three atoms of oxygen at the corners of an equi- 
lateral triangle with two chromium atoms immediately above and 
below the centre of the triangle, three such molecules forming a unit 
jDrism. 

^ Though difficult to fuse by ordinary methods, chromium sesqui- 
oxide melts readily in the electric furnace. The substance is undecom- 
IDosed by heat,® and is not reduced by heating in hydrogen or carbon 
monoxide,’ It is only reduced by carbon when an intimate mixture is 
very strongly heated; it is reduced by magnesium, aluminium, and 
tlie alkali metals at high temperatures.® On heating the iinignitcd 
oxide at 440° C. in oxygen, Moissan ® obtained the ''dioxide,’’ CrOa. 
The sesqui oxide is readily attacked and oxidised by fused potassium 
nitrate, chlorate, hydrogen sulphate, or permanganate ; by any suit- 
able base in presence of oxygen; or by lead dioxide or manganese 
dioxide 111 presence of sulphuric acid,^® Heated in dry air with potassium 
chloiide, some chlorine is evolved ; if heated alone in a current of 
chlorine, chromic chloride is formed, while if hydrates are iirescnt, 
chromyl chloride is also formed, It also yields cliromic chloride when 
mixed with carbon and heated in a current of chlorine, or by heating 
witli phosphorus trichloride, or by interaction with subihur chloride 
(seep, 25).^2 ^ 


^ Rose, Pogg. AimahUs 1834, 33, 344, 

See also Wdhlor and Hobo, Pogo, 

1844 « 274 • Soldi iIm uT 230 i Annakl, 

3 w Soliroder, Pogg. AnnaUn, 1869, io6, 220. 

gave tlie val’uf 0d77? ■ ^ {AnmUn Supplement, 1804, 3, 204) 

* 1847, 70,33; NilBon and PottorBson Ser 1880 19 1400. 

S 48,"l06 ■ 3. 223 ; WeddSdVnd LiVAr.’, 

^ Davoy, Phys, Beview, 1923, 21, 716, 

® Elsiior, Jahreaber,^ 1800, p. 35. 

’ Boll Chem, News, 1871, 23, 268, 

also p. 5, 309 I Gattormaiiii, Ber., 1880, 22, 197. Sco 

GAm. Phijs„ 1880, [6], 21, 199 

9. 367 1800, 
i» and Robinson, Per., 1872, s, 1064. 

Matignon awl BourionrOwijrf^ mW”^1904* 138*^^ 107, 376; Moissan, foe. ct7,; 

m i,.,, iMMii 4 ,, J, K: iS, pusTS””' ^ 
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Anhyclroius chromic oxide, if it lias not been strongly heated, though 
insoluble in water, is soluble in acids, with the formation of chromic 
salts ; if heated to redness, a glow passes over the mass at 50 0"^ to 
6X0"^ C.^ and the substance is generally stated ^ to become, like the 
erystalline form, insoluble in water, alkalies, and acids.^ It is, however, 
soluble in acids to a certain extent. For analytical purposes, the oxide, 
especially after strong ignition or when in the form of chromite, is best 
fused with a mixture of sodium carbonate (2 parts) and potassium 
nitrate (1 part) for ten minutes, the resulting mass extracted with 
water and the insoluble residue again fused with potassiuin pyro- 
phosphate.^ 

Chromic Hydroxide, Gr^Og.Aq.Js obtained by precipitation of a 
solution of a chromic salt by means of iiotassium hydroxide ; if excess 
is used, the precipitate dissolves, forming a green solution from which 
the hydroxide is again precipitated on keeping or boiling.® Such 
precipitate retains alkali which cannot be removed by repeated washing 
with hot water ; it is usual, therefore, to employ ammonium hydroxide 
as the precipitating agent. Even in this case, excess of ammonia 
dissolves cJiromic hydroxide, yielding a reddish-violet solution : methyl- 
amine behaves similarly, but di- and tri-methyl amine at once precipitate 
chromic hydi^oxide completely. When fre.shly formed, the precipitate 
appears to be a well-defined chemical compound, the solubility product 
of which, according to BjeiTum,® is 4-2x10“’^® at 0 ° C, and 54X10“^® 
at 17° C. in 0*0001 molar units. According to Weiser,^ however, the 
precipitate obtained by the addition of alkali to solutions of chromic 
salts does not contain any definite hydrate. In the cold, the freshly 
formed precipitate readily dissolves in acids, but becomes insoluble on 
keeping or heating ; between these two extremes of solubility an in- 
definite number of hydrous oxides exists, By precipitating at tem- 
peratures ranging from 0° C, to 225° C,, products have been obtained 
varying in colour from greyish blue to bright green. Since most of the 
chromic salts exist in two distinct modifications (see p. 20), the violet 
and the green, it has long been assumed that there must be two isomeric 
chromic hydroxides corresponding to these two series of salts.® Such 
isomerides have not, however, been isolated. The properties of chromic 
hydroxide vary considerably with age, especially as regards solubility 
in acids and alkalies, and the “ ageing ” is accelerated if the precipitate 
is allowed to remain under alkaline solution ; the rate appears to 



! 1 . 


^ Mixtor, Amet\ J, 1916, [4], 39, 296, 

2 Compare Jovitsoliitsch. Monaish.^ 1909, 30, 47. 

“ Traubo, Annahn^ 1848, 66, 88 \ Lb Ghatelior, Bull, Soc, 1887, [2], 47, 300 \ 

Gore, PUl Mag., 18C6, [4], 29, 641. 

* 8abalitschlca and Bull, Zeitsek. anal, Ghem,, 1924, 64. 322, 

® Losokann, Ber,, 1879, 12, 66 ; sco also p. 36, and Castolaz and Lounc, Biill Soc, 
clma., 1808, [2], 10, 170; Baubigny, Gom'pl. rend,, 1884, 98, 100; Moiiieoko, Anmhn, 
1891, 261, 341 ; Rriok, Pogg, Annalen, 1828, 13, 494 ; Becquorel, Gonipl, rend,, 1888, 67, 
1083 I Graham, Annalen, 1862, 121, 63 ; van Bemmcloii, liee. Trav, chim„ 1888, 7, 114; 
Riseker and Horz, Zeiisch, anorg, Gkem,, 1902, 31, 362 ; Herz, Ghem. Zentr,, 1904, ii., 178 ; 
Wondatra, Ghem, Weekblad, 1909, 6, 376, 

® Bjerriim, Zaitsch, physikal. Gkem,, 1910, 73> 724. 

’ Weiser, J, Physical Chem., 1922, 26, 401 ; 1920, 24, 277. 

* Lowol, J, Pharm, Ghim,, 1846, [3], 7> 32l, 401, 424; Lefort, Gompi, rend., 1860, 30, 
41G ; I*V6my, ibid., 1868, 47, 883 ; RcGonra, ibid., 1886, 102, 866 ; 1896, 120, 1336 ; Ann. 
Chim. Pkys., 1887, [0], 10, 62, 60; Bull. Soc. chim., 1891, [3], 6, 909; WyrouboflF, ibid., 
1902, [3], 27, 016, 719 ; Ann. Ghim. Phys., 1908, [8], 13, 623. 
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mci'ease with hydroxyl-ion concentration and also with increase of 
temperature,! and the change in properties appears to be due to chansc 
in tlie size of the particles. 

Cln-omium hydroxide is not precipitated by aininonia in presence of 
tartaric acid or glycerol.^ proliably owing to complex formation in the 
fOTined with glycerol a colloidal solution apjiears to be 

• solution of chromic hydroxide dissolves various metallic 

oxides. If the hydroxide is precipitated in the presence of other salts, 
lor example, of magnesium, calcium, zinc, or lead, the hydroxides of 
these metals are also earned down ; it has been observed that mag- 
nesium hydroxide is thus adsorbed far more readily by violet than by 
green chromic hydroxide.^ '' 

Hydrated chromium sesquioxide is an amoriihous, green, very hygro- 
scopic powder, which on heating in the air first forms the “dioxide.” 
and finally the green anhydrous sesquioxide.® Whereas the hepta- and 
tetm- iydrates, CrPj.TlI.O and Cr.Oa.HI.O (the former being con- 
verted into «ie latter tn vacuo), are soluble in dilute acids, the inono- 
liydrate, Ci'aOg.HjO, is insoluble.® 

Colloidal Chromium Hydroxide.— The hydrosol is obtained as a deep 
green solution by the peptisation of the hydroxide by means of chromic 

li f copper oxide in ammonia. As already 

stated, the freshly precipitated hydroxide forms an apparently clear 
green so ution with excess of an alkali liydroxidc. That the chromic 
ydioxide is peptised and not dissolved is shown by the fact that it 
can be completely filtered out by means of a collodion filter s leaving a 
colourless filtrate. The colloidal solution is stable ivhilc hot,’ but slowly 
yields a gel on keeping at ordinary temperatures.® 

fhlm-tvir!. hydroxide is added to solutions containing ferric 

chloiide and chromium sulphate m varying proportions, the iron i.s not 


*32, 273; Zeitsch. physikal. 

2 Halcomori, J, Okem. Soc, Japan, 1922, 43, 629. 
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oIiloride^^vitlT^nS^n^^^^ CdO.GrgOg, is 2)repared by heating the 
of dcSty d.chro.mte.x It yields green, hard erj^tals. 

powder^of*deiSHv°:?\^*^t olive-green eiystalliuc 

StS tLtI er ^ M 6. It is produced by 

Sent SaeHon^^ H potassinm dichromate, and sub- 

Douiul 2rflnfvn “‘^Cfitrated hydrochloric acid.i* A com- 

aqueous clirome^afiim^ obtained by the interaction of ammonia and 
tiin of the oTdesS fiv *‘i """fTT by direct combinn- 

composition 'iCaO.CrgOg are'^foSld™^'^'^’ Sfi’een crystals of 

sodiun?S)onXS*’ is obtained by the addition of 

chloride, „„d iug tho^^tiSS”' 

octaUcil»Tc?y?tnS ’"™‘' '* “ ‘i *lic foiiii of giecn 

CuproS^^clmomWA'^^r^^^r^ crystalline powder.^ 

density 6 2‘Ji.’' ’ yields steel-blue eiystals, 

ore (see nature as chrome iron 

de„y4fU';,<iq,'Soir»t?ssr' '" ““ 

LkhtSTS*"’ prepoared.io 

chromate with kaZb®’ Sow^oeShedra!'™'’"^'^ 

8M^0.2Cr:§:r^^^^^^ Mg0.2CrAl 2Mg0.Cx,0, ; 

powder i^ofdensity*4.^!^^’ ^‘^^'^^aOs. is a grey or black crystalline 

to the cobai?saIt"(se^ako^)%^^^’ aualogou.s manner 

Tungsten Chromite, 5w63.Cr,03, has been prcpared.i« 

‘ ViaM, Uflwyi ««d.,l889,ro9, U2{ 1801 112 lOnq 

• (fegoA*8y'"'‘ 3 - ^ 5 ^' 

Hcdyall Zefteeft, amrfj. Ohem.. lOla of ^13 ' 

62. 53 . 00 , p; Wohler. ZeiUck, ,n,jsim. Oka.., 1008 , 

miA, 1888 . 107^1163^*’”*' 33 . 44 ; Gorbor, he. cil. ; Moimior, Oompl. 

EbLio\ttorc?tfi)uta“toc two, ii., 1050. 

2 S 0 J G«hor. ho. cit. ■: PoC.; he. 1 /. praH. Ghem., 1840 , [ 1 ]. 3y. 

Nichols, /I wier, J, 8 ci, 1869 rai a>i ii* ^r 

Cowjrf m,rf„ 180 B, I2I. 089 ; 1125 ^^ ; DiiMu, 

V? Eii'iiXt aS; "S-Mil't"'”- '’<• 

Smith, J, Amtr, Ckm, 8oi, 1893/15, 151 . 
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Zinc Chromite, ZnO.OrgOg, may be obtained in the same manner 
as the corresponding calcium salt.^ It yields dark green octahedral 
crystals of density 5*29 at 13 ® C. Two other zinc compounds are 
known, ^ namely ; 3Zn0.2Cr203 ; 6ZnO. 501*203. 

The chromites of the alkali metals and of ammonium are presumably 
formed to some extent in solution, when chromic hydroxide dissolves 
in excess of the alkali hydroxide ; ^ but it has been shown that these 
solutions are in large degree merely colloidal solutions of the hydroxide 
(see xn 86). By shaking chromic hydroxide, dried over sulx^huric acid, 
with solutions of sodium hydroxide of different concentrations, Milller ^ 
found that the amount of hydroxide dissolved depended on the time of 
agitation, rising to a maximum and then falling to an almost constant 
value. The solutions obtained were not colloidal. Fricke and Wind- 
hausen ® have prej^ared similar solutions, and by allowing solutions of 
potassium chromite to stand for some time, obtained needle-shaped 
crystals of composition Cr2O3.3K2O.8H2O. 

The gradual sex^aration of chromium hydroxide from clear chromite 
solutions is due to the “ ageing ” of chromium hydroxide already 
present in solution in the colloidal state. 


Chromium Dioxide, CrOg, or chromic chromate, 01*203.01*03, may 
be obtained® by heating the sesquioxide in air or oxygen;'^ or by 
interaction of chromic hydroxide and chromic acid, or of a chromic salt 
and a chromate.® Thus : 


Ci*2(S0j3-(-K2Cr0a+2H2O=Cr2O3.Cr03 (01* SCrOg) +K2S0,+2H2S04. 

This reaction may be compared with the following : 

3MiiS0,-h2KMii04+2lL0-(Mii03)3.Mn20, (or SMiiOg) 

-hK2S04+2H2S04, 

The dioxide is also formed by suitable reduction of chromates, for 
cxainxile, by means of sodium hyposulphite, alcohol, nitric oxide, or a 
mixture of nitric and oxalic acids ; ® or by interaction of chromic 
chloride and bleaching x^owder.^® 

When prepared by the first method, the product is a light, hygro- 
scoi)ic, black x^owder, which at a red heat evolves oxygen and leaves a 


^ he. cit, 

^ Goi'bor, he. cit. i Chancol, he. cU. j Viaixl, Gompt, rend.f 1880, 109 , ld2 ; Ebolmoii, 
loc. cii, 

^ AVood and Blaok, Trans, Ghem, ^oc,t 1910, 109 , 104. Sgg also Boiirion and S6n6obal, 
Gompt. rend.t 1919, 168, C9, 89 ; Jovitsoliitsoh, Ilelv. Ohwi, Acta, 1920, 3, 46. 

^ MiUlor, Zetlsch, a?iffew, C/iem.t 1022, 35, 567. 

® Prioko and AA^indhauson, Zeitsch. aiiorg, 1024, 132, 273, 

® A list of methods for the preparation of ohromhim dioxide is given by Ridley, Ghem, 
News, 1924, 129, 36. ^ 

f Kriiger, Fogg. Annalen, 1844, 61, 219 j Moissan, Ann, Ghtm. Fliys., 1880, [6], 21, 
199 i Jovitsoliitsoh, he, c>7,, 40, 

« Mans, Pong. AnnaUn, 1827, 9, 127 ; Bensoh, ihid„ 1842, 55, 98. ^ 

® Soliwoitzor, J. prakt. Ghem.^ 1846, 39 j 2C9 j Groiivello, Ann. Gktm, Pays., 1821, 17, 
349 ; Elliot and Storor, Jaliresber., 1861, p. 261 j Kopp, Ghem. News, 1805, ii, 16 ; Popp, 
AnnaUn, 1870, 156, 90; 8olnvaii, Dingl poly. J„ 1871, 1991 130 ; Vogol, J. 

OAm.. 1869, 77, 482 ; SclulT, ylwiatot, 1861, lao, 207 j 1874, 171. UO | Hmtz, 1873, 

he. eil. Seo also Tiuubo, Aunalai, 1848, 66, 100 ; Rammolsbcrg, 184(3, 

60, 203 ; Braun, J. iJrafct Ghem., 1803, 90, 366 j Opponhoim, Bull. Soe. chtm., 1880, [3J, 
I, 106. 
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residue of the sesquioxidc. It is only slightly attacked by hydro- 
chloric or hj^driodic acids, and possesses the properties of a dioxide, 
O = Cr = 0 , rather than those of a chromate. ^ Prepared by wet methods, 
it Is a brown powder from which soluble CrOjj can be removed by re- 
peated washing with water, leaving a residue of insoluble Cr20g, and 
which dries at 250 ° C. to a black hyp’oscopic powder. The latter, when 
heated with hydrocliloric acid or in a current of liydrogcn chloride, 
evolves chlorine.^ 

AVheii an aqueous solution of chromic nitrate is treated with ammonia, 
a dark brown, almost black precipitate is produced, ^ analyses of which 
point to the formula Cr2(0PI)g.IT20, or Cr03.Cr203,7H20. Its behaviour 
on drying is more readily explained by the first formula, since it loses 
ll'l20 over sulphuric acid, 2II2O when lieated at 105 ° C., and OHgO 
at 205 ° C. ; however, Jovitschitsch favours the second formula as more 
nearly representing its chromium content. It is an unstable body and 
loses chromium trioxide on repeated washing with warm water, Pure 
chromium hydroxide free from alkali may be obtained from it by boil- 
ing its solution in concentrated hydrocliloric acid with alcohol, until 
reduction is complete, and then adding ammonia iii excess. ^ Anhydrous 
chromium chromate cannot be obtained from it by lieating, since it 
decomposes before the last molecule of water is removed. 

The readiness with which chromium chromate is converted^ by 
ammonia, alkali carbonate, or hydroxide, or by boiling water, into 
chromium hydroxide and clir ornate is considered to be evidence of its 
salt-like constitution. 

Other Oxides.— CrgOfl, or 2Cr203.Cr03, is a violet, magnetic, in- 
soluble compound, obtained by passing the vapour of chromyl chloride 
through a liot tubc,^ whilst the hydrate, Cr50Q,9H20, is a voluminous, 
brownish, hygroscopic i^owder, soluble in dilute acids,® 

The following have also been described, though the evidence with 
regard to their existence as definite compounds is more or less incon- 
clusive : Cr20,.8H20 ; « Cr203.2Cr03 ; ’ Cr^Os.SCrO, ; » Cr203.4Cr03 ; » 
Cr30i5.12Ha0 ; and 8Cr203.2Cr03.9H20.^i 

Chromium Trioxide, Chromic Anhydride, GrOg, was first 
obtained by Unverclorben by the interaction of chromyl lluoride and 
water, It is usu ally prepared by the action of concentrated sulphuric acid 
on solutions of a chromate, usually of potassium dichromatc.^® Zettnow 

* Hiutz, 1873, 169, 337 ; Maiiohofc and Kmus, Her,, 1000, 39, 3612. 

2 Moisaan, C/ttm. Phys,, 1880, [6], 21, 243, Eor othoi* reactions see Martiiion, 
Bull 8 o 6, cJiinhi 1886, [2], 45, 864 ; Hintz, loo. cil 

^ Jovit-achitsflli, Helv. Ghim> Ada^ 1920, 3, 40. 

* Wiililcr, Annalen, 1860, ill, 117 j Gexithcr, ibid, 1801, 118, 02; Bernoulli, Cham. 
Zenir,, 1004, ii., 1371 ; Soni and Isliiwara, 8 cl Tdhohit Imjh Univ., 1014, 3, 271 ; 
Wcdokiiid and Horst, Ber,, 1016, 48, 106, 

® Popp, Aiinaleu, 1870, 156, 90, 

® Godefroy, Bull. 80c. chim„ 1883, [2], 40, 108, 

^ SJmkoff, Gompt, rend, 1908, 146, 1390 ; Wodokiiid and Horst, loc, cil 

® Traiibe, Annalen, 1848, 66, lOA; Hintz, ibid, 1873, 169, 367. 

® Maus, Joe. cil ; Lowol, J, Pltarm, Ohhn,, 1846, [3], 7, 321, 401, 424 ; Elliot and Storor, 
Jcibresber, 1801, p. 261 ; Honda and 80116, Sci Bep. T6/io^u hfip. Uiiiv,, 1914, 3, 223. 

Braun, J, prakl 1863, 90, 360. 

RainniolBborg, Amialefi, 1846, 68, 274 ; Tmiibe, loc, cil 

Unverdorbon, Ttwmmd iV.J, P/tarm,, 1824, 9, 20, 

PritzsoliG, Bud Acad 8cL Petrograd 1839, 131 ; Wavington, «/. pmkl Gkcm,, 1842, 
27, 262; Bolloy, Annalen, 1846, 56, 113 ; Traubo, ibid, 1848, 66, 165; Bunsen, ibid, 1868, 
148, 206; Zoltiiow, Pogg, Anmije7i, 1871, 143, 408; lilcinus, Chem, Zentr,, 1873, p. 737, 


tUlllOMlUM COMI'OUNDS. 'll 

vm»jntimM(ls llial. JlOl) Kmms of pohissiiini (lichvotimlo In; wnniual uiilil 
(lissolv<‘(l wilh fillO t‘.t\ til' WMlrr uCUt Hit! iitlililitiii til' IliO (•.<!. nf 
(•oiUTnlnilat! sulplmrii! iicitl; altiT slauiliii}? lov tfii Ui l.wi!lvo liours, Ilia 
liiinid is ptmi-fd away I'l'om Ilia pulassimu liytli'twn sitlpliutc crystals 
Hiat liavc separated, licalcil It) KO" It) 00 " anti laO c.c. til" fDiiccu- 
I rated siilpliiirie aeiti mltleil, then wider, a lew ilrtips at a time, iiiilil Hie 
elirmiiiiiiii triosiile crystals wliieli separate at lirsi are jiisl retlisstilvtsl. 
I’ry.slals are alltiwed It) ilepesil iltiriii}? Iwelvt! htairs, anti siilisetpienl ly, 
idler etiiu'eiilralitili, Huy are ei)||eeietl upon a ))!tilimiin, asliesitis, tiv 
pumiee-sitiiie tiller, iimrwaslietl willi pure iiilrie ueiti til’ density l td. 
The crystals are Hien iiiisetl with a lillle etmeeiilriileil iiilrit* iieitl, ami 
tirititl iiptiii a ptirtais plate. Hie prtieess heiiij.; repealetl until Hie pi'taliiet. 
is t|uile IVee IVmii ptitiissinm siilpliale and siilplnirie aeiti. 'I’lie ptilassiiim 
snliiliate may alst) lie reiiitivetl as pnliissiiim alum liy additimi til’ 
aliiniiiiiiiiii snipluile, iinil Hit' siilplnirie aeiti separaleil liy Insinii.' I lit! 
ervsials are Ireeit I’rtmi nitric aeiti liy warniin»?, prel'eralily in a enrreat 
III"' tiry air in a tidie at 00" In HO"' (!, Other mellitals nl" rnrmatinii are 
liy the aetinii til" enneentraled siilplnirie aeiti iipini leinl ehrnniate ; “ 
I'rniii liuvitim mnl stnintiiiiii eiininiates by the aetinii til" siilplnirie aeiti 
tir nitric aeiti ; “ by the aetitai til' eliltiriiie, nr tif bytlrnelilnrie aeiti iipnn 
silver elirnmale.'* {'tiiiimei'eial “ part* elirniiiit! aeiti ’ has been Iniinil t.ii 
ennlaiii a eertain aiiiniint nl' saiitly material; it can be pnrllletl snill* 
eieiitly highly even I'nr alnmie weij,dil. delermimditais by repeatetl re- 
eryslallisaHnii, arier liltratiiin, I'rnm ilisHlIeil water.'* 

llii'timiiini Irinxitle rnrms liistrniis red neetlles, ery.staHisiai' m Hie 
rhnmbie system (bipyraniidal) : 

a : 1) : e II•(I02 ! I : tMlUO," 

luitl havin«'' a mean tieiisily nl' ti-Tt. it melts at 100" ('. with sli).«hl. 

" the mull ell muss having' a deiisily nl' 2K." it s enii- 

sideretl tn eniiliiiii liexaviileid ehrnininin, lieiiij' represenleti by Hie 
enlist itniiniial t'liriinila ; 


t Ki(/..lliaalil iiiul MiilUiy, H,r„ ISVI'i, tt, 177; Selmliirilt, ll'in/. .liaKi/oi, IHIV.!, <<•/. UM ; 
MtiiMiiuii, .1)111. Ohiiit. ISSn, |ll|. Ji. KtH. 

tt HrliinUor, J I HIM, 2U5. 

Kiitiliiiiuiti, Anu. ('fttHh IHfiH, |M|, *5'l* IHHM, iH, IW/j 

KitMVoii, 


>iv\\‘vi lf IH(U\ p, MH ; J)iivillt*'iv ^ IH7M< 

^ Kiutwiu:, //riM IHHK \ /Vw* Aumtlnh IHVd. I-jO, U\.\. I inm iim 

rif^vovul olh*'!’ nu*Munl><i Nro MuiUoili iTiiti.t IHHIS, 9 ^, MdM j Maun, Avtuikn, 

iHiiV, 0 , 127 { di uiul hhuii'i’, fifilt, Siu\ IHH2, |2|, 3 % lU I i Milllni' mul 

Nultri-, 'Mhvh, HhMmhim.t liNIM, ll, HUM; AMkoimny luul lUiviii, iuid,, lUlM, 19 , IMI ; 
I touil, Ml'., Un 2177. ^ ^ ^ 

haxloi’, Muolli'i', mul tliui’?*, */. Jwar, Vh\m» iS'or., HUM), 31 , 

Noidit’UHlijrilct, /'ni/f/. IHIll, U«)i 012. ,, 1 1 iu>ii 

pt. i,* Hio /oUunW, / AnmUn, IH7I, 

tlnWliiiK, '/.,iUeh. IIIIWI/. IHIIH. ijB, lOl!, Huo itln.i X.-lllimv, /«'■. n't. i '|•rmlll■•. 

Aniiuit ft, IH IM, 66 * inn 5 .Mnj'diuii, . lip/l. ZV/P/'b, IHH,'*, I (I I, HlK, 

tt Air. n7. ; SoliKfinik, *Z. jmt/A, ^7n m., 1HIIII, 90 , Up. 

UnditMMUid italdT, ;<» p7vA. nmnj/. /7n m., 11MI7, 34 , I 5 rf, Muiu'lhil imil Kraun, /ftr, 
UIDO. 39 . i:i52. 
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The anhydrous oxide is veiy soluble in water : the solubilily in grams 
of solute per 100 grains of solution is as follows : ^ 


TcmpomfciU'G, 

° 0 . 

Grains OrOg per 100 
Grams Solution,' 

0 

Gl-2 

20 

62*5 

10 

68*5 

60 

64*05 

80 ! 

65*9 

100 

67*4 

120 

69*5 


A saturated solution at 22® C., containing C2‘2f3 per cent, of chromium 
trioxido, lias a density ^ of 1*7028, It is soluble in dilute alcohol, with 
vSlight decomposition in liglit or by heat, but is immediately dccom])oscd 
by pure alcohol.^ Several esters of chromic acid have been described,^ 

Chromium trioxidc decomposes at 880® C, witli dcllagratiou, evolving 
oxygen.® Concentrated sulphuric acid dissolves it in the cold, prob- 
ably ivith formation of compounds.® A 2 :)owcrful oxidising agent, it us 
very easily Tcdiiccd by hydrogen, hydrocliloric, hydrobromte, and 
liydvioclic acids, phosjihoriis, hydrogen suli>hide, hydrazine, cte., and 
by electrolysis,’ Reduction is considered® to take place in three 

^ Iiitorpolatod lioia data given by Kroinann, Siiznngsbcr, K. AkacL Wias, Wim, 1011, 
120, iin, 3^0; Koppol and Blumoiitlial, Zeitsck amrg, Ohem.t 1000, 53, 202 j Mylhis and 
Funk, Wiss. /Majulk Phgs.^Tcch JUdch, lOOO, 3, 451, 

® Zctfcnow, Vogg. Anmlm^ 1871, 143, 474. SooalsoMorgca, Gom2^U rend,^ 1878, 86, 1443 j 
pivbatior, ibid,^ 1880, 103, 138, 267, For other thermal, olootrioal, oto., hivostigationa, boo 
riioinson, UnkrauGhuiigm, i, 265 \ Bortliolot, Ghim. Phya.y 1884, [6], 

I, 06 j Sottogast, Wkil, Annalerh 1870, 7, 242; Marignao, Ann, Ohhn, Phys,, 1870, [5], 
8. 410 ! Oswald, ZeiUch, phijaikal, Ohern,, 1888, 2, 78 ; li'iold, Ohem, Nctvs, 1802, 65, 162 ; 
Bleehrodo, Wieil Annakn, 1878, 3, 1C2 ; Hittdorf, ibid,, 1878, 4, 374; Miolati and Mascotti, 
Gazzetia, 1900, 30, 666; Merges, Gompl, rend.t 1878, 87, 15; ilicBonfcld and Wohlers, 
Ohmn, Ze7itr,i 1907, i., 219; Mixtor, Amcr, J, Sci,, 1008, [4], 26, 125; Wedoldiul and 
Horst, J3cr., 1915, 48, 106. 

* Traubo, Millon and ReiaeVs Aiin.^ 1840, p. 148. 

* Jncinos, Glmn, NmSt 1007, 96, 77 ; Wionlians, Bar,, 1014, 47, 322, 

® Shiikoff, Gompt, mult 1908, 146, 1300. 

® Bolloy, Anm}e7i, 1846, 56, 113; Solirottor, ibid.t 1843, 48, 226; Gawalowsky, 
ZeiUch, mwl Ohem,, 1878, 17, 170. 1 ^ 1 

Ludwig, Arinakn, 1872, 162, 47 ; Road, Okem, 1007, 95, 160 ; Louis Homy, 
IktlL Acad. toy. Belg., 1860, [2J, 21, 230 ; Oiipoiihoim, Bull. Sog. chm., 1804, [2], i, 105 ; 
Harten, Annakn, 1841, 37, 360 ; Soubort and Carstons, Zcitack aiiorg. Ohem„ 1008, 56, 
357 ; Favro, Oompt. rend., 1871, 73, 800, 030 ; Qouthor, Aiinakti, 1850, 99, 314; BufT, 
ibid,, 1860, 310, 267 ; do Lniy, J. Physical Ohem., 1007, ii, 54. Also by iodine, Walz, 
.Ghc7n, N&wSj 1872, 26, 240; by sulphurous acid, Tmuho, Annahn, 1848, 66, 103; by 
iiitrio oxide, Roinsoh, J, prakL Ghern,, 1843, 28, 301 ; Wohler, A^milm, 1840, 34, 236; by 
sulphur, Moisaan, Ami. Ohm, Phys.t 1885, [0), 5, 608; by arsonious oxide, do Lury, J, 
Physical Gheni,, 1007, ii, 47 ; by ammonia, by oyanogoii bromide, Guarosohi, A Hi B, 
Accad, Sci. S’ormo, 1914, 49, 16 ; by tho alkali motals, Moissan, Conipl, re7id„ 1884, 98, 
1581 ; Aim, Ghim. Phya,, 1886, [6], 5, 408 ; by phospliorus pontaohlorido, Sohiff, Annakn, 
1868, 306, 110 ; ])y ohromio ohlorido, Goutlior, ibid,, 1801, 118, 00 ; by tttannouH ohlorkle, 
by carbon eonipoiinds, by oar bon inoiioxido, Hargreaves and Robinson, 7icr„ 1872, 5, 
1005 j by lorrio ohlorido, Gouthor, Annakn, 1868, 106, 230. See alHO rrudlioinjno, Bull. 
Noc. chirn,, 1003, [3], 29, 300. 

« Luther and Rutter, Zaiisch. anorg, Ghc^n., 1007, 54, 1 ; Jablozyilsld, ibid., 1008, 60, 
38* 
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;i|-.nHes : (a) Ci'V'— >Cr'’ ; {b) Cr '' — >Criv ; (c) Cr‘v — With hy- 
drogen peroxide, in presence of snlphiiric acid, the reaction is probably 
represented by the equation : ^ 

A'Vith cldorinc, oxygen, ozone, or silicon, reaction is known to take place. ^ 
'I'hc in)evation ot iodine from an acidified solution of potassium iodide 
(!an ]) rob ably be I'eprcscutcd (assuming ortho chromic acid to exist in 
solution) the equation : ® 

Cr(OII)od-ani-Cr(OH)3+8ll20+8l. 

The rates of solution of different metals in solutions of chromic acid 
in sulphuric acid has been studied.'^ * * i r 

Many organic eomjiounds arc readily oxidised by chromic acid. 

No liydrates of tlrO^ have been obtained in the solid state. « In 
aqueous solution, liowcver, tlicy must be assumed to exist, and to 
])ossess tlu; properties of acids, Numerous physico-chemical investiga- 
tions lux VC been carried out dealing witli the nature of aqueous soliitions 
of chroniict aeid,^ from xvhieh it appears tliat the acids ligCrO^ and 
IToCvaO, exist simultaneously in solution, dissociating into ions as 
follows : 

H^CrO, ^ir+HCrO/ 

H 2 C!r 207 l^ri’ "b f , 

the concentration of the intermediate ion, HCr207', being inappreciable. 
TIk^ relative amounts of IlCrO,/ and present depend upon the 

conecivtration, and xipon the equilibrium constant of the reaction : 

2HCrO/^H20-hCr207^ 



In dilute ainicoiis solution the chief constituenb is imdoubtedly 
dichvomks acid, ir2Cr207, and a study of the molecular solution volumes 
and molecular reiVactivities of chromic acid, potassium chromate, and 
))otassium dichronuitc affords further evidence in support of tins formula 

for the aeid.^ , . , , i 

The products of combination of chromic acul with bases arc known 

• Buoli, Bcr., 1002, 35, 872 ( SjntalBky, '/Miich. anorff, Chm., 1007, 56, 72 j BieHoiifoUl 
(in<l IVoBoli, }hr„ 1008, 41, 2820. 

» MoiuHftn, ■ ■ 

<12. also ! 

(Jhcm.t 1001» , 

(JiirslcnH, ZeiM, anorg, Ohtm., 1000, 50. CSl Mcovbmg OAcw. 

(ioi'tnor. J. Physical Ohem., 1008, iz, 032 ; Komot mmI PioOrafcBa, Pend. Accad. t>ct. I is. 
Mai. Napoli, 1011, [iii. A], 16, 275. _ 

^ van Name and Hill, Aimr, J. aSci., 1010, |/1]> 42» 30L 
® Soo Windaus, 'physiol. OkeM., 1017, loo, 107. , ■/ i 

« kcomann, Monalsh., 1011, 32, 010 j llUolmor mid ri'iiw, Acilsch. phystlutl. Chew., 

^’”?’OBtinvkl. Zeilsch. physihal. Ohem., 1888, 2, 78 j Abtigg iincl 

Oostii, Gazzetla, 1000, 36, i., 530 j HiiitalBky, ZexisNi. anorg. Ohem., 1007, 54, 205 , Lmid- 
boi'C ibid, 1007, SS, 420; HftntzBoli and Ulm'k, Aeitsch. phystkal. Ohem., “3. 3u' 1 
fern !i: iiml:-. Oftm. ,S-0C., 1007, 29. 1041 ; Wyroi.boir, M. « > '«'i O""- W- 5. 
705 ' Bubvkav, Oom2>l. rend., 1013, 156. 1002 ; Margaillnn, zbtd., 101.1, 1S7. bb4, 

1 Iltttta mid Dlmr, J, .dwicr. Glwm. iSoc,, 1010, 38, 1303. 
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as chromates.^ Besides iionmil chromates, Severn! series of more eom- 
plex salts, e.g. cli-, tri-, and tctra-chroiimtc.s, exist. Those will h(! d(!all. 
with under the general licacling. 


ClIHOMATES, DlCIIItOlIATES, AND l*Or,Yeint.()JtATES. 

Chromates are usually yellow or red in colour, and, (ixeept thos(! of 
ammonium, the alkali metals, ealeium, strontium, and magnesium, art! 
practically insoluble in water, They arc obtained by oxidation of 
eliroinitcs,^ by fusion of chromium ses(|uioxidc with tl'ie ai)))ro))riut(! 
base in i)rc.scnce of air or of an oxidising agent; by oxidation of 
chromium salts in solution; or by double deeompo.sition.® Normal, 
di-, and tri-ehromates, etc., arc derived from ou<‘ and the same acici 
oxide ; IC^CrOj behaves like an alkali towards CrO;,, since it is ejuanti- 
tatively converted into dichromatc. A large number of eonii)le.v doubhi 
chromates arc known. 

Chromates, dichronmtes, etc., are reailily redmied, c.g. by liydro- 
chloric acid (with evolution of chlorine), by su!p]uirou.s acid (with 
formation of siilplmtc and dithionate),'* by hydrogen suliiliide (with 
separation of sulphur), by forrmus salts,® by nleoliol," etc., tlu; .solution 
simultaneously becoming green owing to the formation of a chromic 
salt, 'rho chromates of the more feebly electro-positive ciUnuenls dm 
cotnposo when strongly heated, with formation of ehroiainni se.s(nii- 
oxide ; diclu'oniatcs ol other metals yield normal c)ir()niute.s, ehromiiiin 
scsqnioxidc, and oxygen.^ 

In juiueous solution normal chromates are yellow in eolonr ; on 
treatment with acid they are converted into tlic oningo-red diehromati's ; « 
the yellow chromate is regenerated on treatment of an aiiucons solution 
of a diehromate with an alkali. Alkali chvouuites and dielironintits may 
bo suppo.scd to dissociate in solution jirimnrily in aeeordanee with the 
equations : 

Mis(lrO.,^3M-|-Cr(),," 

M2Cr807=?^-2M; | (li-jC)/'. 

Chromate sohition.s, however, undergo hydrolysis, wliieli mav be renre- 
sented thus : ’ - i 

CrO., .5^= HCrO; 


‘ riio liydmgcii-ioii iHinconlratioiiH wliiuli k.ivoiii llio i.rocipUiition uf ImHiii <iliriintiitrH 
liiivo bawl inycHfisatcil by IJntton (J'miw. Ohern. 11)2(1, ii. 12f)), 

43o! ^ i«w». m. 

" Itolxmanu, J. prah. Ohem., ISflt), 75, 310 • b'ayorivbniiii, Zeilneh. fUr (J/itm., 1K7H, 
afi7^ X, 1870, 233, 105 j Idte-doiubl. /JiMi. filr Ohm., 

Ti \vl’ J., 1800, 192, 52; Uiinmnn, Xeikeh. Jilr Ohem., 1870, 

MTJulbKib and .Ddnalcl, Ikr., 1878, ii 
113S; Drummond and .Ooimkl^ 1878, ii, (lormaim ihul l«7« tt T'Jrn 

Pitt. iw. 1885, 18 307 ) Dmiakl. ibik. 1885. imV I'.'S a" d iSin " it. 8Hr ' 8 
308 ; doimann, iftid., 1886, i8, 307; Gilolirtot-TluiinnH, ibid., 1885, i8. 308. 

C7;d,« mt 

® )Sco ForbcH aadDaillolt, c/. 0 /iew. iSV irv97 aiu.. v *i / 

1012 76, 30 ; Noullo and Witt. J. AnZ W, iOl H. 3? & 

® Keijutzor, Aetluch, aiiffmo, Ohem,, 1013, 26, dCO. 

^ Sgo also Amadori, AUUt, Accml Lined, 1013, [5J, 22, i.. m. 
iorcleotmlytiopi’oparationHcoMnnoriuidSamji', ZdMt. Ekklrochem,, 1012, 18, HU, 
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the hydrolysis proceeding further tlian would ordinarily be the case> | 

owing to the deliydration of part of the liydroehromate ion : I 

2lICr0,,'=;=s:H204CrA"- | 

Accordingly, n or umb chromate solutions are alkaline to the usual in- i| 

dicators. On the other hand, the dichroniatcs react acid, since the | 

dichroniatc ion, is partly hydrated, with the formation of ’ 

2riCrO,/, which in tiirn is slightly dissociated into 2II‘ and 2CrO,/', 

Tims, in the equilibria prevailing in chromate and dichromate solutions, 
the intermediate hydroeliromate ion, HCrO^', plays an important part A 

Chromates, if soluble in the gastric juices, exert a poisonous action 
on the human system ; ^ they also possess antiseptic and preservative 
properties.^ 

Aluminium Chromate, — The normal salt is not known. Alu- 
minium hydroxide is soluble iu chromic acid solutions,'^ but the nature 
of the mixture varies with the temperature and the concentration 
of the chromic acid solution,® A yellow flocculcnt precipitate of a 
basic aluminium chromate, AlaO^j.CrOjj.YlI^O, is produced ® by adding 
potassium chromate to a solution of alum. 

Ammonium Chromate, (Nrij) 2 GrO,i, is formed when a solution 
of cliromie acid is neutralised by ammonia, and the mixture evaiioralctl. 

It yields golden-yellow needles (monoclinic prisms) : 

a : b : c = 1-0003 ; 1 : 1^2220 j j8=-n5° 1S^ 

of density 1-880, and soluble in water.® On lieatiug or on exposure to 
air they dcc(>m])ose, evolving ammonia, and form tlie dichroniatc : ® 

(NH4)2Cr20,+2NH^ ; 

consequently the chromate cannot be dried at 100*^ C, without under- 
going decomposition. 

A large number of doul)le salts have been described ; 

Ammonium Lithium Chromate, (NI'h|)LiCr 04 . 2 Hj 50 , forms 
y ello wish-1 >rown neediest® 

Ammonium Potassium Chromate, (NH 4 )KCr 04 , is prciiared by 

1 Sherrill, J. Amer. Ghcm, Soc,, 1907, 29 , 1041 j Abogg ami Cox, Zeilsck phijsikah 
Ghcm.t 1904, 48 , 725 ; Sand and KaesHo, Zeilsch, anorg. Ohem,, 1907, 52 , 101 ; Spitalflky, 
ibid,, 1907, 53 , 184- 54 , 265; Limdborg, ibid,, 1907, 55 , 420; Dohii, J, Ainer, Ghm, So&., 

1914, 36 , 829. Sec also p. 43 on the condition of ohroinic acid iu aqueons Holntioii. 

a K6Bsa, l^Jlilgcr's Archiv, 1902, 88 . 027 ; Koenig. Gkcm, Zeit,, 1011,35, 205 ; Auerbach 
and Piolc, Arheilen KaisGrl, Qesimdlmtsamte, 1013, 45t 191. 

® Clmmborland and Roux, Goiiipl, re7id,, 1883, 96 , 1088; Miquol, Jahresber,, 1884, 
p. 1525 ; Laujarrois, Com 2 d, tend.^ 1877, 84 , 625, 

■* Mans, Pogg, Annaleji, 1827, 9 , 127, 132; n, 83. 

^ Grogor, Ber,, 1902, 35 , 3420. 

« Fairrio, Quart. J. Ghem, Soc., 1861, 4 , 301 5 Elliot and Storor, Proc, A 7 ncr, Acad., 

1802, 5 , 192 ; Groger, loc, cit, 

’ Jiigor and Krhss, Ber., 1889, 22 , 2032. 

® For solubility seo Schrcinoniakera and Filippo, Ghcm, Zenlr., 1900, i., 1321, 

® Sohrcineniakoi’s, Glmn, Zeni7\, 1906, ii., 1060; Ball, (Praii^, Ghein, Soc., 1009, 95> 

87. Seo also WyroubolT, Bull. Soc. Mm., 1879, 2 , 174 ; Sohrodor, Aimalm, 1874, 

172 , 278 ; Abbot, A^ncr. J. iScu, 1877, [3], 14 , 281 ; Sabatier, Gompt. rend., 1880, 103 , 207 ; 

Pohl, ]Vied. Annale^i, 1879, 6 , 692 ; Sohabns, Bestimmung der Krgslalli/eaUilten, Vienna, 

1856, p. 10, 

Raminclsborg, Pogg. Annalen, 1800, 128 , 322. 
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neutralising si solution of potassium clicliromate with ammonia.^ Also 
the compound, 2(NIl4)2Cr0.|.3K5,CrO4, lias been obtained ^ iu the form 
of yellow needles of density 2‘403 at 15" C. 

Ammonium Sodium Chromate, (NH,,)NaGr0,p2H20,3 crystah 
liscs in prisms of density 1*842 at 15" C,^ 

The following double ammonium chromates, etc., have also been 
described : 


BaCi:04.(NH:4)2Cr04.® 

2CaCr04,2(NH4)2Cr04.NHs.3H20.6 

3 CoCi‘ 04. (NHd2Ci'04.2NHa.3Ha0.« 

CuGr 04 ,(NH 4 )aCr 04 . 2 NH 3 S 

PbCr 04 .(NH 4 ) 2 Cr 04 .« 

MgCr04. (NH 4 ),Cr 04 . 2 H 20 ,'^ 
3HgA04.(NH4)3Cr04.'^ 


2NiCr04.2(NH4)aCi>04.3NH3.H20.° 

Ni{NH 4 ) 2 (Cr 04 ) 2 . 2 Nll 3 .<» 

Ni(NH 4 ) 2 (Cr 04 )g. 6 H 40 .«.? 

Ni(NH4)2(Ci‘04)2*NH8.H20.7 

SrCr04.(NH4)aCr04.^ 

4ZnCi'04.2{NH4)aCi’04.3NHa,3H20.'‘ 


Ammonium Dichromate, (NH 4 ) 2 Gr 207 . — A solution of chro' 
mium trioxide is divided into two equal portions ; one is saturated with 
ammonia, and the two solutions are then mixed. Ammonium di- 
chromate separates,® after evaporation, as large gamet-red needles. 

An alternative method of preparation depends ® upon the interaction 
in aqueous solution of ammonium chloride and potassium dichromatc, 
Ammonium diehromate is very soluble in water, and may be separated 
from ammonium chloride and potassium dichromate by precipitation 
with alcohol.^® The crystals are monoclinic (probably isomorphous 
with the monocHnic form of potassium dichromate), and have density 
2-15. On heating, nitrogen is evolved (at a red heat, flame is produced), 
but the reaction is not so simple as that expressed by the usual equation : 

(NHOaCrgO.^xCr.Ood-IH^O+Ng, 


since at the same time ammonia, oxides of nitrogen, and .some oxj^gen 
are produced.^^ 

The double salts (NH4)oCr207Cl4.GHg(CN)3.4ll20, (NI-l4)2Cr207.HgCl2, 
aiul (NH4)2Cr207Cl2(HgCl2)4.2H20 have been prepared,^'* Ammonmm 
irichr ornate, (NH4)2CrgOj^, and ammonhmi ietrarJirom(Ue, {NIT4)2Cr40i3, 
are obtained similarly to the corresponding potassium salts. The 

1 Kopp, Ohem, Netva, 1864, 9, 278, 200 ; Johnson, J, prakt. Ohem,, 1854, 62, 201. 

2 Zohoiitor, Moiutfsh,, 1807, 18, 48. 

3 Wyronbofl, Bull, 806 , fran^. Min., 1870, 2, 174, ^ Zehontor, loo, oil, 

® Grog or, Zeitsch, anorg, Ghem., 1008, 58, 412, 

® Briggs, Tra 7 is, Ohem. 8oe., 1003, 83, 391. 

^ Groger, he. ciL, 1900, 51, 348. 

« Abol, Annale7i, 1860, 76, 261 j Bortholot, Atm, Ghim, Phjs,, 1884, [0], i, 03 : Darby, 
Aiinalen, 1848, 65, 204. 

^ ScgalLo, Ghem, Zmtr., 1006, ii., 444, 

Sogallo, loG, oil. j Sohreinemakera and Eilippo, Chem, Zenlr,, 1900, i., 1321, 

Prismatio ; a ; b t o-l'0271 : 1 : 1*7006 j /?-=03° 42' (Rammolsberg, Pogg. Annalm, 
1803, Ii8| 168). 

Hauser and Horzfolcl, Zeitach, physikul, Glmi,, 1009, 68, 176, 

13 \VyrQuboa, Bull 8oc,Jra7i^. Mm, 1800, 13, 300 j Abbot, Amer J, ScL, 1877, [31, 
14, 28L 

1-1 Bottgor, Annakih 1843, 47, 330 ; Segallo, toe. cU. j Hooton, Proc, Chem, Soc„ 1008, 
24, 23; Fi-anldortor, Roeliiioh, and Mauuol, J, Anier, Ohem. Soc„ 1910, 32 , 178. Sgq also 
Bcrthelot, Compl reud., 1883, 96. 400, 541; Gontelo, Dingl poly, 1851, 12K, 450: 
Bottgor, J, prakL 0/iew., 1868, 103, 314, 

Stroinholm, Zeikoh. anorg, GJmi., 1912, 75, 277 ; 1913, 80, 166. 

Siewott, Zeitsch, ges. Naturwks., 1802, 19, 17.; Jagor and Kriisa, Ber„ 1880, 22, 
2028 ; WyroubDflf, Bull 80c, fran^, Min,, 1880, 3. 130 ; 1881, 4, 17, 120 ; Bull Soc, 
chim„ 1881, [2], 35, 162 ; Sohroder, Jahresber,, 1879, p. 31, Soo also Rammolsborg, Pogg, 
Annahn, 1865, 94, 610, ^ 
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ronui'i* crysInlliscK in IIh' rhninhic ' syslcin, nnd 1ms di'nsily 2’M‘20 ; llu? 
laltrr Inis density and is isninorpluais wilh pnlassiuin lidra- 

clirninnU' (p. H'J). 

Aininnniuin I*'hiochrnnmtOi (Jr()u(()Nni)l‘\ lh<* nniipmind, 
NirA'i'().j.‘jrr(()l'')jj, anuiinniuiu t*lilnViH*lir<iinali\ |)('l, ninl 

<'liv<iinc>i<)dntt% C'rO.j.NU jIO.i.l loO, liavr laaai drscrilaal,^ as also Imv'r 
clironmli's and dirlinnnalrs nrisMiain sul^slilulrd anunonias. 

HnrUini (Ihroniato* MuCJrOp is (ddaiiusl as ii pnli* y<*llow ainor- 
phons jinsapilaii* wlnai a i>arinni sail is ad<lr<l In a solnlion of an alkali 
clironialr. IT a du‘hronmli’ is nsrd, lla* pivc‘ipilal<‘ liaids In dissolvt' in 
llu' a<'id IdnuriL 1 1 has a donsily <d‘ I On lusd inf', il darktais in 
colonr, and if rnsrd» il yirlds Urn <Tysiultina Idraii <in aoolinjr, I'In* lalh‘r 
Idrin is also ohiainrd hy hratinK a niixlnm ol |iolassiinn and sodiinn 
fhrnnmlas anti harinni t‘hloritla to a hri^dil vt‘d laad, and allowiii/jf lo 
isiol. (inc'insh aryslals an* InvnasI in tin* iularioi* of Ihr I'nstsl mass 
and nan Is* isnialisl hv lixiviation willi iioilin^ \vatt‘i\‘' Tin* (*ryslals 
hava daiisily l*tlt)» ami an* isoniorphons with hannm Nidphalt*. d'lmy 
an‘ tmly v<*ry sli[(htly st)luhh? in \valm\ and lla^ soluhilily Ims h(*t*ii 
dt‘lt‘nnin(’d ^ by aoiulnalivily int*asiin*nu*nts as Iblltiws : 

'I'finpamhirr *' (\ . , 0 Id UO ;i() 

(hams p<*r liln* ol solution . O im n*002a odionr 0*()()1(} 

VuY aualylitsd |airpt)st*s lla* stihihilily has alsti [H*i*n dalt*rmirnMl in 
diluta at’<*li{‘ aaitl ami in st»lnli<ms oramiuoniiim salts/* and Wathit'll has 
shown lhal lor Nvashin^ harium ahroinalt*, pun* walm' is pn^larahh* lo a 
om* par ai*nl . nmmoiunm aaalalr solulitm» whit*h latlt‘r tlissolvas ahonl 
Tour linu's as nomh of lla* sail as an t‘t|nal <tnanlily td' walt*r, 

Harinm ahvomata raatlily disstdvt*s in hytlnM*hlon(? anti nilria atads, 
Ibriniii^^ Iht* rli(*hroinah^ ; aom*i*nlralt'tl sniphnrit* aaiil <tt*(MnnpnsaH il| 
ibrinin/' hiosuin sniphalt* anti ahnnnia n(‘itl ; ii. alsti dissolvt*s in int)|lt*n 
sodium nilrali*/^ Tin* siundlamsais prt*t*ipilHlion ol' harinm t*hromal(* 
ami barium aarhtinatt*. and of barium ahromala anti Imrium sniphaia, 
has hi'an slnditML** 

Jhtrium ahronmit* lliuls its way into iha uiark(*l as a pi|i(nit*id nmlar 
various namt's^ snah as Imrium ahnnnt*, l(*mou (‘hroma, and yt*llt>w 
ullramarims !l is V(*ry p(*riuant*nli hul is dalitrianl in bright m*ss anti 
luidy, ami is llH*rarora iiol witlaly usath 

htiubh* sails td‘ barium ahromala, Ibr t*xam|d(s 
Ha(NIf j)^((‘rO^). 4 , an* oblainad as lighl yi*llow pn‘ai)ala|:t*H ** by adding 

^ ni|i,vnuiiiilul ; u : li : m iimi ia i I : nm:t 1 1 . 

® rWa/f/. IMHU, 91, tIHU j IHKI, 93, 7 JiH j IV«li;j|ia, /laa. 

m 

^ SnhnmiliM', vtamika, lS 7 i, I7<|, Uttl ; Hdliufitf ili, •/. pmki. rVa ia,, IHIIS, 90, I, 

^ nuiL, lH7tl, 8H, IIH;}, 

^ KutilnaiHdh, phtfsihtl. rVa ai., lUUH, I’Ji), 

^ Hdiiwi'll/rr, mud, IHiHI, ap, 4 M ; Kn'm*aliM, iViiW,, a 9 , -US; WatMptI, 

Aiuthjd^ IlMH. *13, :}H7, 

^ (luilirlf, J, inum. .Vur., IKHr., 47, {){. 

* Anntdt'Uf IHH;}, ;fl;a i (lii'iiiiNlHdiiMir ftiul Muitinolt, 

IHH 7 , ia|, II, Hpd uIhii SnIiuU/. jonl /u it'uh. /dtAUm fu Ulilll, la, «IL*fp ; 

ttalhliini , t fhim. lllUll, 7, ;!H 1 ), 

• (Idl^Mr, /jt ihvh, itnnrif, UH)?, 54, 185 ; MIOH, ij8, 112 j Mtimi, (‘umitt. rauit 

11114, 158 , m. 
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a large excess of the alkali chromate to a solution of a barium salt, 
Tlmy are decomposed by water. 

Barium Dichromate, BaCr^O,, is oblained in the anhydrous con- 
dition by heating together moist l)ariiini cliroiuate and ehromiinn tri- 
oxide ; it crystallises in slender needles, and is decom})oscd by water 
into clu'oiuic acid and barium eliromatc. Tt is also prepared by heat- 
ing a mixture of barium chloride and chromium trioxidc,^ TJ\c 
diJiijdralei RaCr207.2l]20, is olRained ^ by concentration of a solution of 
bamiiu chromate in chromic acid ; it yields yellowish-brown rhombic 
crystals : ^ 

a ; b : c-= 0‘5888 : I : 1 - 293 . 

On licating to 120"^ C, tlic crystals ])ecome anhydrous.^ 

Barium Potassium Trichroniate, 2BaGr30io.K2Gr30io»3H^O, 
is formed ® when a ])otassiiim salt is added to a clu’omic acid solution 
of barium dicliromate and tlie mixture concentrated ; it crystallises in 
brownish-red needles, wliicli are very deliquescent and arc deconi])osed 
by water. 

Beryllium Chromate, BeCrO^pH^O, and tlic basic compound, 
BeCr04.6Be(0I-I)2, have been described by Glassmann,’ whose results, 
however, have not been confirmed by subsequent workers,® It apjicavs 
to be established tliat a solution of cliroinic acid absorbs beryllium 
liydroxide in tlie exact ratio of lBc(OH)2 : Kh’Og, which points to the 
formation of the neutral chromate. \Nhcn solutions of beryllium salts 
arc treated witli equivalent quantities of chromates, the prcci])itates at 
first formed rcdissolve ; ^ but if the clu’omatc i.s added in excess, yellow 
])recipitatcs of strongly bn.sic beryllium chromates of uncertain" com- 
position are obtained. 

Bismuth Ghromate. — The nciitml salt is not known, Tlic metal 
sho-ws an exceptionally marked tendency to Ibrm double salts, and a 
very large number of basic chromates have been described. It has 
been shown Cox,^® liowever, from an investigation of the conditions 
under wliich the chromates of bismuth are capable of existing in solu- 
tions of cliromic acid, tlmt in accordance with the phase rule only two 
such compounds, Bi203.4Cr03 and Bi203.2Cr03, definitely exist. ^ The 
former yields orange-scarlet monqclinic prisms, decomposed by water 
and heat ; the latter is an orange-j'^ellow powder, which is sometimes 
called bismnthyl dichromafej (Bi0)2Cr207, 

It must be assumed, therefore, that most of the basic salts described 
in the literature are not true compounds, or at least that they do not 
exist in the sj^stem Bi203 — CrOcj — ^II^O ; however, some may exist in 
such a system as KgO—Bi^Og— CrOa—IIgO ; for example, the compounds 
BBiaOg.^CrOg and SBigOg.CrOa appear to be stable in alkaline solutions. 

Bismuth Potassium Chromates, — ^AVhen potassium chromate, 
or dichromate, is added to a solution of a bismuth salt, the yellow 
precipitate formed, if allowed to remain in contact with the soiution, 

^ Autonrieth, JSen, 1902, 35, 20157 ; Preis and Rayman, ibid.i 1880, 13, 340 ; Balir, 

1/, Ghem,^ 1853, 60, 00. 2 Mayor, Rcr., 1903, 36, 1740. 

3 Rahr, Joe, cii, ; Zottnow, Poffff. Afimlm, 1872, 145 , 107. 

^ Pi'ois and Rayman, loc, eft, ^ Zettnow, loc. cii. 

® Bahr, loc. cjY, ’* Glassmaim, Rcr., 1907, 40 , 2002 . 

» Oi'low, ZexUch. anorg, Ghem., 1913, 79 , 305 ; Bloyoraiid Moormnnn, ibid., 1012 , 76 , 70 . 

® Bleycjr and Moormann, he. cU. 

Cox, Zctfcc/i. anorg, Gkem., 1900 , 50, 220, 
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^^raclimlly darkens in colour, yielding the double salt, K20.Bi2O3.4 Cr0,j.^ 
Boilitig with water removes all the alkali and leaves the basic 
salt, Bi203.2Cr0.j. On warining the double salt with a concen- 
trated solution of cliroiuie acid, dark red crystals of the compound, 
1^20.111203.001*03.1120, arc formed, which likewise decompose on boil- 
ing with water. 

Cadmium Chromate, GdGr0.i, may be obtained^ V>y heating a 
solution of the dichromate with cadmium hydroxide, in a scaled tube, 
at 200° C., when it separates as a bright orange-yellow ciystalline 
powder. It is insoluble in Avater, which, Avhen boiling, decomposes it, 
If the mother-! iquor from the above preparation is allowed to stand 
for a time, it deposits crystals of the dih/ijdmte CdCi*0,i.2ll20. 

Basic cadmium chromates, fi,g. 5CdO.2CrO3.II.2O, have been described.^ 
Basic double salts, e,g, (NIl4)20.4Cd0.lCr03,3n20 and KgO.^CdO, 
tCrO^.SlIgO, are formed Avhen an alkali chromate is added to solu- 
tions containing excess of cadmium salt ; Avitli cxcc.ss of potassium 
cliromate the double salt, K2Ccl(Cr0,|)2.2ll20, results ; ^ .sodium chro- 
mate yields only alkali-frcc basic salts, Several ammoniated com- 
pounds have been described.*^ 

Cadmium Dichromate, GdGraO^.HgO, is obtained by saturating 
a cold solution of chromic acid with cadmium carbonate, and concen- 
trating by cvaj)oration, when orange-brown cubic crystals’^ separate, 
which arc readily sohdde, without decomposition, in water. 

The double salts, K2Cd(Cr207)2.2ll20 and CdCr307,2Hg(CN)2.7ll20, 
have been de.scribed,® 

Cadmium Trichromate, CdGr^OjodlgO, is obtained ^ by evapora- 
tion of a solution of the dichromate as a dark red, deliquescent, ciwstal- 
line crust, 

CECsiuin Chromate, CSaCrO,,, obtained by interaction of silver 
cliromate and Ciusium chloride in boiling aqueous solution, is yellow in 
colour, and exists in tAVo crystalline forms — ■rhombic (bipyramiclal) ; 

a : b : c-=()' 56 t 0 ; 1 : 0 7677 ; 

and rliombohedral : 

a : c-=l : 1 2314 ; a= 72 ° 89 ', 

It forms a double salt, Cs2Mg(Cr0,i)2.6H20,i^ isomorphoiis Avith tlic 
corresponding rubidium salt, 

Geesiiim Dichromate, CsgCrgO,, forms orangc-red crystals 
(anorthic),^^ Gsesium trichromate and tetrachromate have been 
described,^® 

Calcium Chromate, GaCrOj, is produced industrially as a by- 
product ill the manufacture of alkali chromates, Finely poAvdered 

^ Preis and Ray man, Jahresbc>\, 1880, p. 336, 

^ Sohulzo, Zcilsch. aitorg, Okem., 189D, 10, 148 ; Brigga, ibid, 1007, 56, 240, 

^ Malagiiii and Sarzean, Awk Ohim, Phijs., 1843, [3], 9, 431. 

Groger, MonaUh., 1004, 25, fi20, ® Gvogor, ZeitMh. anorff, Chem,, 1907, 54i 

® Grogor, ibid,, 1008, 58, 412; Briggs, ,7. Ghent, Soc,, 1904, 85, 072 j Malagnti and 
Sarzoau, 7oc, cii, 

^ Solniko, lac, cit. ; Grogor, Zeilsch. anorg, Ghern,, 1910, 66, 7, 

^ Kriisa ami Unger, Zeitsch, anorg, Chcni,, 1896, 8, 46, ® (Irdgor, loc. cit, 

Cliabrii, Ann, Chim. Phy^,, 1002, [7], 26, 212; Frapvio, ZeiOtch, KrysL Min,, 1006, 
42, 113 ; Sohreinomakors and I\Ioyei‘ingli, Gkcm, Weckblad, 1908, 5, 811, 

Briggs, Tram, Ghent, 1904, 85, 677 ; Barker, ibid, 1911, 99, 1327. 

Cliabvi6, loc, cit, ; Fraprio, loe. ciL ; tSohreinemakors and Moyovingh^ loc, cU, 

Fraprio, loe. cit. • 8ehroinoinakoi’s and Moyer high, loc. cii. 
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chrome iron ore is roasted 'with chalk yielding calcium chromate, which 
hy treatment with an alkali sulphate is converted into insoluble calcium 
sulpliatc and the sohiblc alkali chromate. On a small scale it is 
obtained by double decomposition of calcium chloride and sodium 
chromate, or by neutralisation of chromic acid solution by means of 
calcium liydroxido. It has a limited application ns a pigment. 

In many of its properties calcium cl ir ornate shows considerable 
resemblance to calcium sulphate. It yields four hydrates,^ all of which 
are slightly more soluble in water than the anhydride. The dihydratei 
CaCrOpSlIaO, exists in two forms — ^the a form, which is monoclinic and 
isomorj)hons with gypsum, and the jS forni, which is rliombic and is the 
most stable of the hydrates.^ The former separates as amber yellow 
aciciilar crystals when a saturated solution of the chromate, prepared 
at 0“ C., is allo^ved to stand at room temperatures. If the crystals are 
allowed to remain in contact with the solution for a few days, a darken- 
ing in colour takes place and the a variety completely disappears, the 
form being produced. The fi crystals eflloresce slowly in the air, 
and lose all water of crystallisation at 100*^ C. Unlike the other 
hydrates and the anhydride, winch arc all less soluble in warm water 
than in cold, tlie solubility of the /3 form increases slightly with the 
temperature. A saturated solution containing 10*8 per cent, of the 
salt at 1.8° C. has a density of 1*106,® Above 14° C. the monahydrate is 
more stable than the p dihydrate, and if a saturated sohition of the 
latter, or of the a salt, be kept at 30° C, for several days, the mono- 
liydratc separates in the form of rhombic crystals : 

a : 1) i g=0‘6200 ; 1 : 0*0404, 

of densiiy 2'703 at 15° C. Like calcium sulphate, the chromate yields 
a hemikydrate^ 2 CaCr 04 .Il 20 , whicli may be obtained by heating a 
15 per cent, solution of calcium chromate with an equal volume of 
glycerol at 100° C.® It forms small octahedral crystals, which only 
completely lose their water at 400° C. 

Anhydrous calcium chromate may be conveniently prepared by 
dehydration of any of the above hydrates at high temperatures. It is 
less soluble than the hydrates, and is the most stable form.® It dissolves 
in molten sodium ni trate.’ 

A few double salts obtained by double decomposition of calcium 
chloride with excess of concentrated solutions of alkali chromate, or by 
neutralisation of dicliromate solutions with lime, liave been described.® 

A basic c{ilcinm chromate, CaCrO^.CaO.SlIaO, results as large poly- 

' MyliuH ami von Wroohom, Jicr,, iOOO, 33, 3089 ; von Eoullon, Jakrb, hk {/col, Jleicha* 
amL, 1900, p, 421, 

® Most of tlio oiirlior data concorning tlio diliydmto probably rofor to tlio p form. 800 
hahr, J. pvakL Ohem,^ 1853, 60, 00; Siowort, Zcitsch, gca, Nalurwha,, 1802, 19, 11; 
Jahreaber., 1802, p. 140; Sohwarz, Dingl, poly, J,, 1870, 198, 150. 

® ^lylius and von Wroohom, foe. cii, 

von Foiillon, loo, cU, Sco also WyroubolT, Hull. Soc, fraiif. AHn,t 1891, 14, 203, 
IMylius and von Wroohom, foe, cii. 

« Sco Kohliuiisoli, ZeiMir. phyaikal Ohem., 1003, 44, 107 ; 1008, 64, 129 ; Sitzungaber. 
K, Akad. ITiss. Jierlin, 1004, p, 1218 ; Hosford and Jones, Arner. Ohem. J., 1011, 46, 240 j 
Howard and Jones, ibUl, 1013, 48. 600. Guthrie, J, Ghem, 8 oc,y 1886, 47, 04. 

® Giogor, Zaitsch. anorg. Ghem., 1907, 54, 185 j 1908, 58, 412 ; Sohwoitzor, J, praM, 
Ghcm.y 184G, 39, 201 j Rammolsborg, Pogg. Aunakny 1866, 94, 510; W3n’OuboiT, he. cii, ; 
Bull. 80 c. /rang, Min., 1900, 32, 0. Also Hnnean, Phil, Mag.y 1860, [3], 36, 109; Bahi', 
J. prahi. Ohcfu,, 1853, 60, 60 ; Barro, Gompl. rand.f 1014, 158, 496. 
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hcdral crystals when a solution of clivoinic acid supersaturated with 
oalciiiin hydroxide is allowed to stand for several davsd 

Calcium Dichromate, GaCraO^.SHgO, separates m the form of 
reddisli-hrown deliquescent scales when a sohition of calcium chromate 
in chromic acid is evaporated. On heating it .becomes anhydrous and 
melts to a reddish-brown liquid,® 

Calcium Tetrachr ornate has been said to exist. ^ 

Chromium Chromate or cliromium dioxide has already l)een 
described (see p. 30).‘^ 

Cobalt Chromate, GoGrO^, results as a greyish-black crystalline 
powder when a mixture containing cobalt carlionate (12*4 grams), 
chromium trioxicle (20 grams), and water (20 grams) is heated for 
four hours in a sealed tube at 185’ C.^ It is much more so In 1)1 c tlian 
the corresponding nickel salt (see p, 58), The dihtjdrafe CoCr04,2H20 
yields bronze- coloured aciciilar prisms. 

Ilasic salts arc produced when cobalt salts arc pi'ecipitatcd with 
sodium chromate, or when the alkali-containing double salts first pro- 
duced by precipitation with ammonium or potassium chromates arc 
subjected to continued treatment with hot water. The following 
double salts have been described : 

; « (NH4)2Cr04-^t:oCr04,2NII,.3H20 ; ’ 

KgO.lCoO.lCrOa.fillaO and K^Co(CvO^^).^Ml^O ; « 

Cobalt Dichromate, GoOr^O^.I-IgO, has been obtained as black, 
histrous, deliquescent crystals by heating together cobalt carl)ouate and 
chromic acid in aqiieous solution at a high temperature. 

The double salts, CoCrA‘(NH,)2CrA^2H,0 and CoCr^O^, 
2lIg(CN)2.7ll20, have been described.^ 

Copper Chromates. — Both cuprous and eu])rie^^ chromates are 
known. The latter forms an ammoniacal S(dty 2CuCrO,i.CuO.10Nrijj, 
which is obtained on precipitating a green solution of basic copper 
chromate in ammonia by means of alcohol, as dark green needles which 
arc unstable in air,^® The salt, CuCrOj.4NIlQ, also exists.^'* 

Three basic chromates have been described : (a) CuCr04.2Cu0. 21120, 
a yellowish-brown precipitate obtained (together with some cupric 
dichromate) on mixing solutions of ammonium chromate and copper 
sulphate ; (b) 2CuCrO4.5C11O.5n2O ; and (c) CuCrOi.OCuO.SHyO.^® 

Cupric Dichromate, GuGr207.2H20, forms reddish-brown crystals 
on evaporation in the cold of a solution of cupric hydroxide in chromic 
acid. It becomes anliydrous at 100® C, It is deliquescent and soluble 

^ von Fonlloii, loc, cU, i Mylius and von Wroohoni, loe. ciL 
“ Vauq[iiolin, Ann, Ghim. Ph^s„ 1809, [1], 70, 70 ; Bahr, he, cU, 

Myliufi and von Wrochom, loc, cit, 

8co also Britton, Tratis, Ghem, Soc.^ 1920, j), 132. Oliromium diolivomato, Cra(Cr807)3, 
is deHoribed by Gnloagni, Gazzcilay 1025, 55, 300, 

® Briggs, Zeiisch. anorg, Ghem.t 1909, 63, 326, ® Briggs, 161U, 1908, 56, 240. 

’ Grogor, ibid, 1908, 58, 412. ® Gvogor, ibid, 1900, 49, 195. 

^ KriiBS and Unger, ibid, 1896, 8, 46. 

Bonso/., GompL rend, 1861, 53i 7h Gorbor, BnlL Soe, cliim., 1877, [2], 271 430. 

Sooalso Briggs, Proc, Ghem, Boc„ 1902, 18, 264 j Parravano and Pasta, OazzcUa, 1007, 
37, ii., 262 I Wohlor and Wolilor, Zeiisch, physikal, Ghem., 1908, 62, 440. 

Nuaflarfc, J, Pharm,, 1824, 10, 007 ; Malngnti and Sarzoaii, Ann, Ghim, Plujs., 1843, 
[3], 9, 434 j Knop, Annahn, 1849, 70, 52. Parravano ami Pasta, loc, 

Malaga ti and Sarzoaii, loc, cii. \ Froeso, Pogg. A7in(ile7i, 1870, 140, 87 ; Bosouield, 
Bcr,, 1880, 13, 14C9 j Porsoz, Ann, Ghim, Phys,, 1849, [3], 25, 283. 

Bosonfold, ho, cU, 
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in water ami aleohoL Tlie aqueous solution on boiling yields llu* ))asi(* 
cliroinated Tlio folio win^if eonqKninds luive been ]m^])an‘(l : ^ 

CuCr,0,. |.NILi.2lI/) ; CiiUr/b.l(Cy If^NIL) ; C'uCW)^. K(Virr,N) ; 

Cu(:iy)7/2(Nna.c’iiii.i’irivNn 

Cajiper lrichrom(de and lelrachromalc are also known.'* 

Gold Ghromates."* — Ared solution ofauvie ebronuite, Au^Cl'i'O.i);^ is 
obtained by treating a solution of auric cliloride with a ljirg(‘ exttess ol’ 
freshly procipitated silver cln’omale. On ova]>oration, (irst nudallic gold 
is precipitated, and then the coin])ound Ati5j{CrO,,)j,.UrOjj (!rystnllis(‘s (nil:. 

Indium Chromates do not appear to luive \mm ana1ys{‘d, but 
Meyer ^ has deserihed an. insoluble basi(t salt anti a solubUs non- 
cry stallisable acid salt, 

Iron Chromates. — Ferrous chromate does not appear to be eapahlt* 
of oxistenee. VVlien solutions of ferrons suljduite and ehromie acid, or 
its alkali salts, arc mixed at low tem|)eraturcs, the iroji is oxidised, hasit^ 
ferric stil)>hatcs resulting, tlic chrominin being eorres])on(lingly rt'dueed. 
If the ferrous sulphate is in excess, ferroso-ferrit^ stili)hnte r(‘snll:s. 

Ferric Chromate has not betm tdytained as tlie normal salt, but l)y 
digesting ferric liydroxide witli ehromit; aeitl, a brown amorphous sub- 
stance, soluble in water and uleoliol, and of (?omi)osition iCVO.,, 

has Ikhui obtained.® Hy the addition of iJotassium ebrtniialt^ to n 
solution of a ferric .salt, a brown preei])itate, of eomposititm FeaOaA’rO.j, 
is obtained.’^ It is dceom])()sed by wat(n\ 

Ntnnerous basic double ferric tdiromates liavc b(*en pre])nred,” 
namely : 

^iKgO.GFcgOr^.SCrOjj — obtained by the action of ferrou.s sulphates 
on potassium chroivuite at 0“ Ct, at wlueli temix'ratun^ it is 
dried with alcohol and ether. It is black in apjaairnnee, but 
brown wlicn moist, 

^lKj0,8Fe2O3.4CrO3 — a yellowish - brown nuero-erystallim* pn!<'iiH- 
tatc, obtained by addition of (jxeess of potassium ehromal:(^ to 
ferrou.s sulphate solution, 

d-NauO.TFcgOg.lOCrOy and 0(NIl,i)i,().6Fe2O3,(iCr()., are obtained in 
a similar manner to the preceding salt, Inil; rei)!iieing ])otassiuin 
chromate by sodium and aminnniiim chromates res])(‘(‘tively, 

Other complexc.s that luive been prepared are ; ^ 

riC2O,0Fc2O3.10CrO3 ; 4K2O,aFc2O3,IU:r()g.0lf2O ; 
0K2O.2Fc2O3,9CrO3,0n2O j GKa0.8Fo20jj.l()t!v(),,6ir.,() j 
iiKa0.2FeaOa.7€vO,,.nijO ; .< - • 

flK 20 . 2 Fes 03 .{»Cr 03 j 5K:aO.4Fe3O3.10Cr()3.8Il3(). 

Ferric Ammonium Chromate, (NI-I,,) 2 GrO^.Fo.,(Gr(>,),,. 4 H,. 0 , 
and feiTic potassium eljromntc, K 3 (;r 0 .,.Fc 2 (t:r(),,),,..l.Il 30 , ImVc 
prepared “ as dark red crystalliuc plates by the slow ovaporiitioii 


»«-*«««. 1888. 18. 1110 j (UiiKor. Xrihrft. 

ano)g. 0 enht 1^10^ 66, 7, » Parmvano and TaBta, Ouzzeita^ 1007, 37, it, 

(Mp-or, toe. otl. i Orloff, Chem. Zdt., 1007. 31, I IK2. 

Moyer. JJkB.Soc. chim., 1808. [2], 10. 18. 300j 1800. {21, 12. 232 ; Amuikn, I«(I0, 150, 

“*’• ’■ ”■ 

’ Elliot and Storor, loc. cil. j Klotzindlcy. Dingl gtoly. ,/.. 1873. 207. 83, 

Lopiorro. Oompl. mul., 1894. 119, 1210. » ITcnsgon. 7tor., 1870. >2. 100(1. 
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ol' mixed solutions ol* ferric clikjridc and animouhuii (or potassium) 
dichromatc, 

Lead Chromates, — Lead forms the normal chromate, PbCrOj, the 
dtelaroinatc, PbCr 207 , and several basic sidts. 

Normal Lead Chromate, PbCrO^, occurs naturally as croeoite in 
Siberia, Bra'/il, and other parts (sec p. 8) ; the iniucral crystallises in 
Jiyaci uth-red, translucent, luouoeliiuc prisms, and has a density of about 
(i'O, It was prepared artilicially by ]h)urgeois ^ by heating in’ecipitated 
lead chromate with dilute .nitric acid iu scaled tubes at ISO"" C. The salt 
is prepared artificially as a bright yellow i)rccipilate by mixing solutions 
of a lead salt and potassium cliromatc or dichromate. Probably the 
j)recipitatc is at iirst amorphous, but it gradually becomes crystalline. 
Crystals of lead cliromatc arc also olytained by exposing to the air a 
solulion of the jirceipilatcd chromatic iu caustic soda, by fusing together 
lead chloride and potassium chroniutc, by allowing solutions of lead 
acetate and potassium <^hvomiite to mix slowly by diffusion,^ and by 
electrolysing a dilute solution of chromic acid with lead electrodes.^ 
Precipitated lead (hroniate tends to change colour during filtration, 
becoming orange, This is due to the formation of the red basic salt, 
PbaCr() 5 or PbCrO^i.PbO, by liydrolysis, Avhich is the more likely to take 
place wlujii the salt is prepared from basi<i lead acetate.'^ 

Lead ehrouuite is valued as a pigment under the names of chrome 
yellow, Paris yellow, and Leip/.ig' yellow, and consccpieutly it is im- 
porUiiit to realise tin; best conditions for its preparation. It bus been 
sliown tliat the rapid mixing of cold, concentrated solutions of the 
reaciting salts under conditions which prevent the formation of basic 
salt, jiroduees a crystalline (jhromc yellow of clear colour and good 
covering power. Commercial chrome yellow frequently contains lead 
suljyhato, and a pigment known as Cologne yellow is prepared by 
lieatiiig load sulphate with a solution of potassium dichromate. In 
some eases potassium elyroinatc is treat(Hj with sulphuric acid, or the 
dieliromatc is mixed with a sulphate, such as Glauber salt, alum, etc., 
and the mixture employed to |)rcei])itatc a suitable (piantity of sugar 
of lead solution.** It is recognised that tlic admixture of lead sulphate 
to the extent of about 10 j)cr cent, produces a lighter tint; and this 
is due not only to a physical cause, but to the fact that the presence of 
a soluble lead salt redu(H‘S or pi^evcnts hydrolysis, which by producing 
the basic chromate would cause <hirkeiiing of colour.'^ 

Tlic solubility of lead (jhroiuate iu water is exceedingly small ; 
indeed, the chromate is pr()))ably the least soluble salt of lead. It is 
practically insoluble also in dilute acetic acid ; con,sequcntly chromate 
ions in presence of acetic acid constitute a very clcUeatc test for lead 
ions iu solution. The solubility of lead chromate iu water at 25*^ C, 
is about 10'"'* grams per litre according to Kohl vans ch,'^ but von Ilcvesy 
and Pancth » ol)taiuc(l the value I'^XIO'*** grams per litre by employing 

^ Jloui’goaiH, Bull, Soc. JranQ, Min., IS87, lo, 1S7, 

^ Drevormnnn, Amtahn, 1853, 87, 121. 

^ Lo hlano ttiul llindHohoflloi*, Zcihclu Bhfcbvchvm., 1002, 8, 2,55. 

^ Jabloxyr'islci, Uhem, /ml., 11108, 31, 731. IVoo, J, Physical (Jhem., 1000, i3> Ud. 
« '.rho HyHtom rb.S()4H Ka(Jid)4'^r^Clj(’r(),,-( 1C haw been inYOHtifj^iitecl froiu tlio 
jioiiib Ilf view of tho phustj rule luul of uluunioul ucaiilibriuiu by Milbauci’ iviul IColiii, Acilsch, 
physical OfmtLt 1010, 91, -130. 

’ KohlniiiHoit, yieilsch, phjsikal. Vficm., 1008, 6/), 150, 

** von lIovcHy mul Panoth, iCMisc/t. anoty, CAm., 1013, 82, 323. 
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vadiiuii-D as a 'radioactive indicator, that Ls, by mixing with the lend 
salt racliiim-D, which is cliemically indi.stingnisliable from lead, and 
estimating the radioactivity of the solution, since the original ratio 
between the two salts is maintained in solution. 

Lead chromate readily dissolves in dilute hydrochloric and niti’ie 
^‘^•tls. The solubility of this salt in dilute hydrochloric acid, and the 
equilibrium between chromate and dichromatc in solution, have been 
studied.^ It is found that the solubility in dilute solutions is nearly 
proportional to the hydrogen ion concentration, but in more concen- 
trated solutions to the square of this value j this is attributed to the 
formation of dichromate ions thus : 

2lICr0/:^.Cr20/+ll20, 

which results in more lead chromate being dissolved. 

The following equilibrium constants have been calculated : 
[ir].[CrO/ |/[I-ICrOa'J ==:3-7 X 10"’ ; | IT |^| CrO/ p/[CrgO/ X IQ-i* ; 
[irj.[Cr,O/]/[HCr,O,'j=D 0 X 10 -» ; [HCrO,/JV|;Cra6/'J=2-5. 

Lead chromate also dissolves in sodium hydroxide solution, being 
decomposed into a mixture of sodium chromate and jdumbite. A 
solution of sodium carbonate reacts with lead chromate thus : 

2PbCr0,,+2Na2C03+Il20^Pb0.PbCr04+2NaHC03+Na8Cr0,ij 

excess ot sodium hydrogen cai'bonate, however, the 
lolloAvmg reaction takes place : * 

PbCrO,,-l-2NaIIC03==PbC03-|-Na2CrO,i-|-Il30+C02. 

Boiling with potassium nitrate solution causes lead chromate to nass 
into the colloidal state.* 

Besides its use as a pigment, lead chromate is employed for dyeing 
or printing on calico. The process, which is a mechanical one, is carried 
out by passing the fabric first through a solution of lead salt and then 
tlirough a solution of chromate. The material may, however, be 
agitated with precipitated lead chromate suspended in water, alcohol, 
or benzene. \Mien the t\yo latter media arc employed the colour is 
not so deep as Avheji water is uscd.‘* 

Lead chromate fuses when strongly heated, forming a brown liquid, 
which on cooling solidifies to a light brown crystalline mass. At a high 
temperature the salt evolves oxygen, and, on account of its oxidising 
property, it is employed in organic analysis to aid the combustion of 
substanees contaming the elements chlorine and sulphur, which arc 

bo merl fnr' ''^j^ture of asbestos and lead chromate may 

be used ioi absorption of siiliduir compounds,® ^ 

soda solution on the normal chromate. It is also produced by mixing 
together lead chromate and oxide in presence of water, and w known 
commercially by various names-ehrome red, orange chrome, Sy 
red. Chinese red-according to its depth of colour. It is converted by 

* Beok and Stcgmiiller, Arfteilctt Kaiseil, Oeaundkeitsamle, 1010, 440 

‘ Auorbaoli and Pick, ibid., 1013, 45, 10(5 ‘ 

“ do Coninck, Bull Amd. roy. Bely., lOOo', n. 006 
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acetic acid into the normal saltj and the two salts arc in equilibrium ^ 
in contact with an aqueous solution of 2x10^^ molecules CrOg per litre 
at 25" C, Mixtures of the two salts produce tints iutcrniediate between 
yellow and rod ; such mixtures are known eomtnercially. 

The basic salt, Pb-iCr^Oo^ occurs in dark red hexagonal prisms, of 
clensiiy 5*75, as tlvo iniiuu'al pluenicitc or pluxniieochroitc (see p. 8). 
This e()nq){Muul may l)c prepared urtUieiully by allowing sohitious of 
lead nitrate and potassium elironiato to mix l)y diffusion/^ by exposing 
a solution of load chromate in caustic potash to the air for several 
montlis,*^ or by immersing galena in potassium diehromate solution 
for six months. This last process, which was carried out by Meunier/ 
])robaldy nearly reproclu(;e.s the conditions by which tlic mineral is 
naturally prodiieod. 

Double mllH of lead c;lu*oiuatc Avith alkali chromates have been 
obtained.^' The })otnssiam salt, Kr,CrO,|lPbCrO,, or 
formed as a yellow amorphous preedpitate when 50 c.c. of a saturated 
solution of polnssiiiin <du’oJuate is mixed with 10 c,<5. of saturated lead 
acetate solution. Tlic ammonium salt, (Nn,|} 2 Pb(Ch’ 0 ,|) 2 , is prepared 
similarly, and both salts are decomposed into their components by \^'atcr,^ 
Load Diehromate, PbCrgO,, csoivtaining 2 molecules of water of 
erystallisution, was descriljed l)y Preis and llayman,^ but its existence 
was subsetiuenlly denied.’ WbcJi u very concentrated solution of 
cliromic acid (180 grams CrO,, per l(K) cj.c.) is electrolysed witli a lead 
anode, a solution is obtained*^ wliich evolves oxygen wlicii kept, and 
deposits reddish-brown needles of lead diebromatc, From the 

Yolnnie of oxygen evolve<l it a])pcar,s that plum hie clichroinate is formed 
and dctjoiuposes thus t 

Mayer obtained® lead diehromiitc by heating load acetate with 
clu'ouu<‘. anhydride an<l concentrated nitric acid under a reflux cjou- 
denser ; end Cox ^ ])rcpared the .same salt l)y taking account of tlie 
fact that it is i)r()n(^ to hydrolysis and can only be formed in emutaet 
witli a chromic acid solution oi: a certain concentration, which is 0^805 
gram-molccules CrC),, per litre at 25" C. Thus by grinding togctlicr 
lead mouoxid(^ and t^hroiiiium trioxide in saturated .solution in tlie pro- 
])ortion of 2 grain-moleciules of the former to 5 of the latter, lead 
{lichromat(} is produecul and may bo obtained ])uro after washing with 
7N solution of CrO.,. It is a lustrous, red, crystalline ])owdei\ 

Lithium Chromate, LiaGrO,p2IIaO, forms slightly soluble^® 
reddish-brown rhombic; prisms : 

a : 1) : c:t^.0-()(12 ; 1 ; O-l Ml* 

The following double ehromale^s have been deseril>ed ; .ldNajj(Cr 04 ) 2 .l 3 ira 0 
(ditrigonal, bipyranudal), and (NH 4 )LiC'rO,i (yellowish-brow]i nceclles).^^ 

1 (^ox, Zcilfich. anorg. Ohem.y lOOli, 5 ®, 220, » Drovormann, Annaleny 87 , 121. 

“ La<l(il(i»g, Amer. J. ScLy 1802, [SJ, 44 , 07. '* Moiinior, Ooni^H, rend., 1878, 87 , 050. 

Zeilseh. anorif. Oftem.y UJU7, S4. i 58 , 412 j Uarro, OompL remly 

® ProiFi niul llivyinaii, /kr., 1880, 13 » 810, Autoni’ioth, ibid,, 1902, 35> 2057, 

” IClljH nnd NOhliiiK, ZeilfteJt, PUeHrochem, , 1008, 9 , 77(1. 

0 Mayer, Jkr„ 11)08. 36 . 171,0. 

Mylhm uiul Ihink, ihid„ 1897, 30, 1718 ; KcilireinenialuM^H, Ohem. Zenlr., 1905, 11., 
1480 ; Hohreiuoinakoiw iinil Ij’ilipriij ilfub, 190(1, i., 1JJ21, 

" llaimnolsborg, Pogg, Annalcii, 1800, i»8, 811. 
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Lithium Dichromate, Li2Gr207.2H20, form.s dark brown, almost 
black crystals, fairly soluble in water. ^ 

Lithium Ghlorochromatej LiClGrOg, forms moiiosym metric! 
eiystals.2 A chromoiodate. LiCrOg JO3.ILO, has also been 
cicscribcd. 

Magnesium Chromates*— The heptahydraie, MgCrO^.riLO, is 

formed when a solution of chromic acid is neutralised with nia(rncsiuni 
oxirle. fljir] flip rpculft 


.uiu isomorp nous witJi the sulphate, MgS0,,.7H20, witli Avhicli it forni.s 
nuxedcry.stals.' Density=I.7ei " atl6“C. The cry.stal.s arc very .soluble 
m water: 100 grams of water at 18“ C. dissolve’ 72 3 grams of MtjCrO., 
tlie density at saturation being 1 -422.8 ^ * 

results" wlicii crystallisation takes 
sime '^Ti r*’ “ "1“^“ the heptahydrntc is exposed to the air for 
some tunc. It forms lai;ge yellow transparent crystals, of density 

in J't Zo'p "nT copper .sulphate, CuS0„.5ir.20, On lient- 

frmu* wldl +i dihydrak, MgCr0^.2ira(), 

J^ouhle fiaUs ot magnesium chromate with alkali chromates mnv bo 

« b"'"'’'’;' ii. *>.!“ 

with maaneZn oviZ » solution of the alkali diehronuite 

evaiioration In the eiystals separate on 

morphZs ervs ils of th. and rubidium, iso- 

I * ► i' . oi the general formula. ^ nr-T n 

ihc eonespondiug potassium salt, KaMg{CrO,),.CILO is fornie m.iv 
at low temperatures, 11 the dihmlnite K MiArrn i oir n’ v • . '* * y 

formatordinarvteni>'„.rof,„.»l: 12^'et dicing the stable 

bccomer„S;XrKo-c ll''»«i-»»lt,Na.Ms(C,0,V3H,0,- 

Magnesium Dichromale lins not boon nrcimind 
WIicnTu Elt cllronmtc Is 

’ ^nuoHcliii/nSN. [n’w scf - oiyfltftl|(.erap!,io dntft. 

i 5Sb, p. 

Por er 1012, si sf *’ 58. 412 j TiiWon and' 

iinccs. toe, ci'f * 
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precipitate Ibrinetlj in aiklitioii to nuiiigauoiis and aian^unic chronuitcSj 
is liable to contain ^ inaii^](aiia.tc and permanganate, and trivalciit 
chroiniuni, If the reaction takes place in the cold, tJie alkali metal is 
found in the precipitate, but tliis can generally he remoA^ed at boiling 
temperature — most readily in the ease of sodium. 

The existence of most of the double salts which have been described 
ill the literature must be eonsidcred as extremely doubtful, but by 
adding nianganoiis chloride to a concentrated solution of potassium 
chromate, )na)iganc*sc chromate, K2Mn(Cr04)2,2ri20, has been 

obtained by Grdgcr ^ as a red crystalline precipitate. 

Manganese Bichromate is not known,^ 

Mercury Chromates. — MerGuro^^s chromate, IlggCrO,!, is obtained “ 
in the crystalline form as glittering red Icallcts, when the amorphous 
precipitate jiroduecd by adding potassium dicliroinatc to a solution of 
a mercurous salt is dissolved in boiling 5N nitric acid and the solution 
allowed to cool, It is also formed ])y adding potassium chromate to 
a solution of inereurous nitrate;'^ tlio ycliowish-brown amoi’iihous 
precipitate linst formed is unstable, nud changes — without change of 
eomposition---into the crystalline form, the colour of Avhich varies from 
yellow to bright red, depending on the linencss of tlie particles. The 
salt is not dceom])oscd by water in the cold j it is eonA^'crted by ammonia 
into the eliromatc of Millon’s Base, (0IIg2Nn2)2Cr04. The formation 
of mercurous chromate affords a useful means of estinuiting chroiniuni 
gravi metrically (see p. 107). 

liasic mils' have been described.'^ By boiling* the normal salt with 
water, or liy treating tlie freshly formed ainorphoiis precipitate with 
excess of nun’cairovis nitrate solution, the salt, irgoCrgOu, or ‘illggCrO.!, 
irggO, results. If, during the gradual transition of the normal salt from 
tlie amorphous to the crystalline form, water is added so that hydrolysis 
occurs, the salt, JIggCr.,0,;„ or llHggCrOj.rrggO* is produced. The basic 
salt, ITgfjCh’Ofl, or IlggCrO^.^ITgaO, has liocii stated ® to result from the 
action of sodium hydroxide on the normal eliromatc, but this is denied 
by Fichter and Oosterheld, Avho maintain that the mercurous oxide 
formed is uiieombiacd Avith (shromatc. 

The double salt, K2irg2(Ch*0.i)2, has lieen clcscrilicd by Grriger,^ avIio 
obtained it as golden yellow iion-erystalliiie spangles containing absorbed 
potassium eliromatc,' by adding a solution of mercurous nitrate to a 
concentrated solution of potassium ehronuite. Water decomposed it, 
ghdng a basic salt. 

Mercuric Chromate, IlgGrO,,, is formed by heating an ccpiivalent 
mixture of mereuric ()xi(1e and elironiie aiihydrichi with a little water.^ 
It yields (lark red rhombic iirisins, which arc deconipoHcd by water with 
formation of the basic salt, lillgO.CrO.,, liasie salts Jiavc been 

described, but it has liccn slioAvii ® from an iivv(;stigation of the system, 
IlgO— CrOjj -IlaC), that the aliove is the only one which exists as a 
separate cliciiucal entity.*^ It may also be produced by precipitation of 

1 (:lrogor, Zp-Ksch, emnre. Ghem., 1006, 44. -163. ® (Inigor, ibul,, 1010, 66, 7, 

« fi'ccHo, Bar., 1807, 2, 478; Po[j(f, Anmdan, 1870, 140, 80, 261. 

^ Piohtorairl Oi'ntorliold, ZcitfifiL nnwy. OJtem,, 1012, 76, 34-7. 

« V. and M. lU. RitOitei*, Ikt\, 1882, 15, MBl). 

0 (Irogor, loc. dt., 11)07, 54 , 186. Aiinatcih 1808, 106 , 230. 

^ (Jox, anorg, (Jhetti,, 1004, 40 , M(i ; 1000, 50 , 22(3. 

^ Comparo bisinutli mid load, pp. 48 ami 53. 
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ii^ciGuiic nit/ffttc solution witli u cliclironiiitOj orl)y boiling mercuric oxide 
with potassium dichromate solution. i The compound, 2l-IgCrO|.irnS 
formed by the action of a chromic acid solution of mercuric oxide oii 
freshly precipitated mercuric sulphide, has explosive proimrties 

Mercuric Dichromate, HgCr^O,, is obtained as a light orange 
powder from a solution of the chrojnate in chromic acid, the concentra- 
tion ot the solution at 25° C. being greater than 10-40 gram-molcciilc.s of 
cliromic acid per litre.® It forms deep carmine-red crystals 

^WH3).Cr0,.II,0 and (Oirg;NI-I,)CraO,. 
d(NIl4)2Ci,0,.2lIj0, have been described,® ns also have compounds 
with pyridine * and the double salt, SNHjHgCI.HgCrO ^ 

to in iiu analogous manner 

to the cobalt salt (see p. 51), the mixture being heated to 2(H)° C.“ It 

yields lustrous black crj'stals, insoluble in water and only dlflioultly 

i nickc/'UiriviH 'll T'" clecomposition <?f 

lifl • i* 1 ^ ‘ chroniate, this reaction producing dmihle 

«ickel chromate, the stability of which increases in the order 

® and of which the geiu'mi 
xoimuia 1.S MaAi(Cx 04)2.61120, where M is the alkali metal 'I’lie 

K NiiSo"i m M'"'' Ti analogous sulphate, 
J^^tailbeSe;. I^®Ni(Cr04)2.2Il20,Sorn,s yellow 

S£?l£!pSfSs:HI?= 

bases; for example, pyrid ne yteS" with organic 
N Cr,0,.2IIsiCNl \.Z i, The double sa t, 

platinum Chromates are not known. 

Sunfea^£u:;^oT 

or potassium carbonSv 3 extrn^ potassium nitrate 

of potassium dichroniate with aiumnn!!'^ ^ interaction 

phosphate.i® ammomiim chloride or sodium hydrogen 

rhombic systm^'lwpyw^^ crystallises in the 

a : b : c=0-5094 : 1 ; 0-7298,1® 

I Milloii, 4«ft. 6'Atw. Pktjs., 18-lG. 131 18 3S« 

I anorff. Oke7)i., 1906, 50 220 * 

^ Heusgei^ Mec. Trav. chwi., 1880, 5,'l87 * 

D anorg. Ohein,, 1908, 56, m 

OA«,^ ifot 8S. 077; Grogor, ZeiM,. anory. 

Kniss and Unger, ZeitacA. awro. Ohtm 189B 8 .ir 

' Gvogor, ibid., 1910, 66 7. ^ lo o ^ ^®- 

1“ 1806, p, 209*^ ^ tOOO, 9S, 1<192. 
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iitul is isomorphous with potassium sulphate, It has a density ^ of 
2-741, a specific heat of 0*180,^ and melts at 971® C. The solid exists 
ill two eiystalline modifications, the a form being stable above, and 
the /3 form stable below, a tomsitioii temperature of OfiG® C.^ 

The solubility of potassium chromate in water is as follows : 


Tciniioratiiro, 

"0, 

Grams KaCi'O.i in 100 
Grams Wntor, 

—11 -85 

54-54 

0 

57*11 

80 

05-18 

CO 

74-00 

105-8 

88-8 


The following tabic gives the results obtained l^y earlier workers : ® 


Teinporaiiuro, 

° a 

Grains K/JrO.t 100 Gmins Water. 

l5taixl. 

Alluard. 

NnrdonskjOld and 
Lindstroin, 

0 

58-2 

50-8 

00-2 

10 

00-0 

01-2 

02-5 

20 

01-7 

08'‘2 

04-5 

80 

08-4 

os-a 

00-5 

40 

05-2 

07*0 

08-0 

50 

00-8 

09-0 

70-0 

00 

08-0 

71*0 

72-7 

70 

70-4 

78-0 

74-8 

80 

72-1 

75*0 

70-9 

1)0 

78-0 

77-0 

70 0 

JOO 

75-0 

79-0 

82-2 


The aqueous solution of potassium elironmte has a sluirp metallic 
taste, is poisonous, and exhibits an alkaline reaction. The frcc/Jng- 
point of a saturated solution is — C.,^ and the boiling-point 
105-8® C, Potassium chromate is soluble in solutions of potassium 

1 (<{>ssu()r, ZeiUnck Krt/itL Min,, 1004, 39, UKt Othor valiu-H aro givoii by Kopj), 
Annakn iSuppL, 1804, 3, 298; »Sohi'o«dor, Annakn, 1874, 172, 270; Spring, iier,, 1882, 
i5> hMO. 

** JCopi), he„ cU, ; Ili^ginuilt'K llguni w 0‘J861, 

(ii'OHoluUr, Zdtsek anoY{^, Oho.nu, 1098, 58, 102, iS«o also Annuloi’i, AlH IL Acend 
lAnccii 1018, [5 1, 22, 1,, d58, wlio gives inolUng-poiiit *^078® 0, 

^ Koppol and UlunKmllitvl, Zeiisch. anorg, Okem,, 1007, 53, 202. 
iStaid, Ami. Ohim, Phya,, 1894, [7], 2, 550 ; NordonnkjOld and LindHtroni, Pogg, 
Amialaif 1800, 136, 814; Allnard, rend.f 1804, 59, 600; Jahrefibcr.t 1801, i>. 04. 

Por otlior data for a(iuc(ms solutions and for mixtaros of iwtassiuin ohroinato with ctlujr 
tunnpouuds, sco do Ooppot, Ann, Ohim, Phya,, 1872, [4], 25, 636 } ZeUach 2diV^ik(tL Ghcm,, 
1807, 22, 280; Rcluff, Annakn, 1850, no, 74; 109, 320 ; Kromors, Pogg. Annakn, 1855, 
96, 03 ; (Tiifchrio, Phil, Mag,, 1875, [4], 49, 207 ; I’ouqu6, Oom2)l, rend,, 1807, 64, 121 ; 
Viorordt, Jkr., 1872, S, 84; llat)ult, Oom 2 d rend,, ISIS, 87, 107 ; KrOss, Jkr., 1882, 15, 
1243 ; do Vries, Ike, (Prav, chim,, 1884, 3, 375 ; Kabatior, Oonqd. rend., 1880, 103, 40 ; 
iSolivoinomakors, Zniiacfi. 2 diyaihal, Ohem,, 1000, 55» 71 ; SohrcluoiunkorH and .l,‘‘ilip|)o, 
Ohem, Zenlr., 1000, i., 1821; Holu-olnoinakera and Moyoringli, 6Vim. Weckblad, 1008, 
5, 811. ® Koppol and Bluiuonihal, loc, oil, 
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siilphiitc ; * it is insoluble in alcohol. Its solution is retitlily reduced 
by tlic usual agents ^ on treatment with weak acids, with ammonium 
chloride, or with certain other salts.^ 

/loKi/CiSaZ/s.—Potassium chromate combines with various ehromatc.s 
and other salts to form double salts. Tliose wliicli have bceai described 
111 tlie literature arc as follows : 

K2Mg(Cr0j2.6lIjO.i3 


K 2 Cr 0 ,,.hfa 2 Ci 04 .^ 
aK 2 Cr 0 .,,Na 2 Ci 04 .® 
KCii2(0ir)(Cr04)2.H20.'> 
IvCu 2 {CrO.,) 2 . 2 NH 3 .’ 
KaC'rO,j.2CiiCrO.,.Cu0.2ILO.« 
K 2 Ca(CrO„) 2 .<' 
K 2 Ca(Cr 04 ) 2 . 2 lTj 0 .i'> 
K 2 CrO 4 . 5 CaCrO 4 .Ji 
K2Ci04.-lCaCr04.2ir„0.i“ 
K2CrO4.CaCrO4.II2O.12 
2 K 2 CrO 4 .CaCrO 4.12 
K2Cr04.Na2Cr04,CaCr04.H20.i2 
K2Sr(Cr04)2.i2 ' 

K2Sr(Cr04)2.2ir20.i2 
K 2 lhi(CrO,) 2 .i 2 
K2Ba(Cr04)2.2ir20.i2 


a — 1:,\ — 

K:2Zn{Cr04)2.2ir20.i2 
K2Cr04.3ZiiCrO,,.ZnO . »1 IgO.ii 
K2Cr04.2ZnCr04.2Zii0. flILO.i'i 
K:2Cd(Cr04)2.2H20.i» 
K2CrO4.2CdCrO4.CclO.2rraO.15 
K2l-rg2(Cr04)2.i3 
K 2 Pb 2 (Cr 04 ) 2 .i 3 

KaYb2(Cr04)2.Yb(0H).,.1.5'5Il20. 

K2Cr04.2(UO2)CrO4.0iraO.i2 

K2Cr0,j.2MnCrO4.4ir2O,i8 

K2Cr04.Fc2(Cr0„)3.4llaO.i‘' 

K2CrO4.CoCrO4.2i-I2O.20 

K2Cr04,NiCr04.2Il20.2i 

K 3 CrO 4 .NiCrO 4 . 6 HaO. 1 s 

KgCr04.(NIl4)2Cr04.22 


K2Mg(Cr04)2.2ll20.ii , 

oUitr volumcs^^auho sorios!^"^*'* <iliioinatc.s nro I'oforreil to uiului' tho varioiis motols in 

to SrarS.i/c''' T reiiivestigntion, would not be proved 

eonipounci:23 2 K 2 C ;04 8 rg^^^^^^^^^ 

91 . 353 ’" GrotJni 6 ld.f Kmi'inolsborg, Poyg. Anncikn, 1854, 
l‘or otlM reacttoaHM 

82 » 135; Thomas, J, Oketn. Soc , 1878 462 ; Stammor, 

■‘“Mas 

“'‘•PI i I 

Briggn. Trau,. CAe„,\voc.%904 8 ^ 672 ^4. 483. 

188o!\l740o"’ J- Phtmn., 1847, [ 8 ], 12 , 67 ; RosontoUl, 

"V , ■'”4 « “■ »■='■■ '’.I"*™* iDosi 

IWff. JnnafciUSaC, «'*«.. 1850, 50 . 64 j Rammelsborg, 

- Haniiay, J-mw C/im. Soc., 1877 22 Of) i» n •• , 

» riiomson. Phil Tram., 1827 nV 2 M • OrK„ 7 ’> ?««■ cU. 

iiaU. ,%c. iTib'^Tz 247 '^' */’ 1019 l6g 73 • 

^cr., 1880. p. 338 ^ 1020, i.. 726; Prois mid 

■" Hensgt? SI TrZ. chZ^.','SA%lT' .."jf 1 8»0. 257 , 108 . 

2 ^ pX’ Ohan., mt, IZ'm ™r’ IfO- 1 ®. 1300. 1068. 

Ohim, Phm., 1813 77' r 1 160 (j, 51 343 

htromliolm. Zdheh. aml^. CAm.’ 1913,’ 8o,’l65."“""’ S®- 04. 
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Potassium Dichromate, KaCr^O,, may be prepared rrom the 
sodium salt and potassium chloride,^ or by a direct method. In tlic 
latter case, chrome iron ox'c (p. 7) is calcined in the air with calchim 
carbonate, and tlie mass extracted with water containLiig a little sul- 
phuric acid, Potassium carbonate is then added, and, after filtration 
and addition of sulphuric acid, the potassium dicliromate is separated 
fractional crystallisation.® An alternative method consists in 
lieating chromite with calcium carbonate and potassium sulphate, and 
lixiviating the mass with water.® Oxidation of chromite by means of 
fused potassium nitrate is sometimes convenient, especially upon a small 
scale, Potassium diehromate is formed by the addition of any acid to 
a solution of potassium chromate (sec p. 44).* 

Dark orange in colour, potassium dichromate exists in two cr3^stal- 
line forms, the stable form belonging, apparently, to the asymmetric 
class of the triclinic system : 

a : b : c=0-5575 : 1 : 0‘5511 ; a=82° 0' ; 51' j 47'.^ 

An unstable monoclinic form, isomorphoiis with rubidium and 
ammonium dichromates, has been obtained ® admixed with tlic triclinic 
variety, by concentrating, after filtration from aluniiniuin hydroxide, a 
mixture of potassium chromate and aluminium sulphate, and allowing 
the solution to crystallise, It may also be obtained in yellowish brown, 
doubly refracting mono clinic plates by crj^stallisation of a mixture of 
solutions of potassium diehromate and potassium thiocyanate.’ 

The stable form of potassium diehromate has a density of 2*67,® 
while the monoclinic variety has a density of 2*10.’ The specific heat 
of the former, according to Regnault, is 6*1894.® It melts at 897"^ C., 
its heat of fusion being 8*77 Calories per gram-molecule.^° 

Potassium diehromate is soluble in water to the extent indicated 
in the subjoined table : 

Tompoiatiivo, °0. 0 10 20 30 40 60 GO 70 80 00 100 

Grams KaCrgOrl 

per 100 grams I 4-43 7-83 11*00 16*40 22-00 27*0 31*30 37*0 42*20 47*0 60*60 
solution ^ ^ I 


' Romor, Ber,, 1887, 20, Rof, 78. 

® Jacquelaiu, Ann, OMm, Phys,^ 1847, [3], 21 , 478, 572, 

^ Schwarz, Dingl, poly, J,, 1870, 198, 167 ; bontius, Ber., 1883, 16, 813. 

^ Por clotails of tho industrial preparation of potassium diohronmto, seo Ward, Bingl, 
poly, i7., 1806, 177, 239 ; Carvill, ZelMi, Ohem,^ 1873, p. 404 ; Tilghmaim, i?er., 1877, lo, 
220 ; Driimmoiul and Donald, ibidt 1878, ii, 1387 j ROmor, Zeitsch, Ofmn,, 1883, p. 436; 
Govraann, 1886, ]). 347 ; Ohrystal, ibid.^ 188G, 347 ; Swindells, /Jhjj/Z.poZy. J,, 1886, 

122, 230 ; Rowolt, JScr., 1887, 20, 27 ; Vatol, Bull, Soe, chim„ 1891, [3], 5, 371 ; Scgallo, 
Bcr.f 1890, 23, 210 ; Donath, DinyL poly, J.y 1883, 248, 72 j Filyliigor, 161VZ,, 1879, 231, 93, 
® Sohabus, Bilz\mgsbc.r, K, Akad, IFim, i860, S, 300; Beer, Poyg, An7mle7i, 

1851, 82, 429 • Mitsoliorlioli, ibid,, 1833, 28, 120 ; Miora, Mi7i. May,, 1908, 15, 30 j Soliub- 
nikoff, Zciisch, Krysl, Min,, 1911, 50, 19. 

^ Dulfour, Gq771pL mid„ 1913, 156, 1022; 1914, 159, 260. 

’ Haiisor and Hcrzfold, Zeil^ch, j^hysikal, Ohem,, 1009, 68, 176. 

® Wyroubolf, Bull Soc, fraiig, Mm„ 1890, 13, 300; Solirocdor {Ber,, 1878, ii, 2017) 
gives a density of 2 761 for tho mol ton salt. 

» Kopp {A7inak7i Suj^pl, 1804, 3. 294) gives 0*186. 

Landoli-Bdrnstoin, Physikaliscli^clmnisclic Tabellm (Berlin), 1912, p. 820, 
Interpolated from data given by Kromers, Pogg, A7inalen, 1864, 92, 490; Michel 
and Krafffc, An7i, Ghiin. Phys,, 1864, [3], 41, 482 ; Alluard, Cot 7 tpl rand,, 1804, 59, 600; 
Guthrie, Phil, Mag,, 1875, [4], 49, 10 ; Tildoii and Slienstonc, Tra7w, Okaui, Soc,, 1884, 45, 
34 ; Alluard and Etard, Anil, Ohini, Phys., 1894, [7], 2, 660 ; Koppol and BhmionthaJ, 
Zeifsch, auorg. Chon,, 1907, 53, 202, See also Sand, Bar., 1900, 39, 2038, 
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A saturated aqueous solution boils at 103® C. TIic aqueous solution 
exliibits an acid reaction witli litmus pa 2 )er, has a sharp, metallic taste, 
and is, of course, poisonous (see p. 45). It absorl)s nitric oxide; with 
eventual precipitation of chromium dioxide.^ Unlike the uornml salt, 
potassium dichromate is strongly adsorbed in solution by animni 
charcoal,^ 


charcoal,^ 

A concentrated aqueous solution, Avhen mixed with concentrated 
sulpluiric acid and cooled, yields crystals of chromium trioxido (se(; 
p. 40) ;^ if strongly heated with sulphuric acid, the products are 
jotassium hydrogen sulphate, chromic sulphate, water, and oxygen. 
it a wlnte heat potassium dichromate itself decomposes, yielding the 
lornial chromate, chmi'niiiin cpcnnirkviri/i tj. 


iiiicu Hi. WCU as suipnate , by solid oxniio acid," and by staimons 
hlonde,’ also electi'olytically.8 

AVith concentrated hydrochloric acid, or with phosphorus trichloride." 
potassiiun clilorocliromate is produced (q.v.). A coinpoimd K Cr 0 

Commercial potassiiun dicliromate is almost clicniically pure • it is 

is obtained by dissolvintr tiie 
diclnomate in nitric acid, of density l-lO.i" or by interaction of notassiitm 
(hcliromate with eliromium trioxide or chromic acid,‘" as red mono- 
ehnic crystais, of density 2-649, which melt at 250° C, and arc de- 
composed by water witli formation of dichromate and cliromic acid 
Potassium Tetrachromate » K fir n u. .... 
the triehromate {the nitric acid iised'Lvhig\ten5 tr^l 

l.y<lronuorlc »=id poh,™,™ dicllWte', C E', SLcriM*™’ 

« notlm.«ley.ffraiM/cv,e„t’&c Z887 si i so .\v 33, 230. 

' Nckllo and Witt. J. ylji/cr OAm 'o'' 1888. 53 , 002. 

ior leaotions seo Pa..„,„t«„tor, 

Wyrouboff, -B'dl-SoroWa’ isit 1802, 19 , Ifi . 

bofF.to..cfl. •«« 8137.1. 0.83I8J /i=ioi» O'. Sea Botho, ioc. , Wyrou- 

‘‘ Sehroeder, Annahn, 1874 9 d.o . tk i -..r 

- Sec Ivoppol ami !<><=■ ««. 

117 by ^^aSdte.., Ban, 1871. ,, 

beo .Soliwatz, Piflo/. ®o/i/ 1877 tks oi ^c,. . 

Blumonthal, he. cit. •’ 1 Sobreinomokora, he. cU. , Koppol oml 

PliSniiitlQ * flp J b • C= 5 s 0 . 7 Q 7 ♦ T 1 1 n 

JI j, 1«8J, S tn. . 1 . mo i f-nr t,, 5.., w,m,boo, MaA x,,,t 

A..., A. ,m. A,. 2 , 0 , o.a„.™, 
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Potassium Ghlorochromate, GrO^.OK.Cl, may bo obtained (^f) 
by warming togctlicr a mixture of potassium clichroinato and ooiiccii- 
trated hydrochloric acid ; {h) by the action of ehromyl ohloride upon 
a solution of potassium chloride or ii])on aqueous potassium chromate 
acidified with acetic acid ; ^ (c) by fusion of potasshun dichromate with 
chromic eldoride; ^ or (d) by interaction of phosphorus trichloride and 
potassium dichr ornate,^ 

Potassium chlorochromatc crystallises in the monooUiiic system 
(prismatic) : 

a : 1) ; c^O Oim : 1 : l‘0m ; p = 20';^ 

isomorphous with the corresponding ainmoniinn salt. Tlie crystals are 
bi'ownisli red in colour, have density 2-df)7, and are decomposed l)y 
fusion : 

4 CrO 2 .OK.Cl -= ICgCraO^ - h Cl gOj, + 2KC1 |- Cl^ H - O^. 

AVitli sul))lmric acid, ehromyl chloride is produced.® 

Potassium Bromocliromatc, CrOg.OK.Br, and potassium iodo- 
chroinatc, CrOa.OK.I, arc similar.’ 

Potassium Chromoiodatc, KCrOg.IOg, has been prepared.® 
Other compounds are described in other sections of this chapter, and 
in Vol, 11. of this series, 

Riibldlum Chromate, Rb 2 Cr 04 , cry.stallisos iii the bipyrainidal 
class of tlic rhombic system ; 

ti : b : c== 0*50(5/5 : 1 : 0*7400 ; » 

it is obtained by interaction of chromic acid and rubidium carbonate, 
or fusion of chromium scs(iuioxide with riihidunn nitrated® 'Phe double 
salt, Rl) 2 Mg(Cr 0 ,j) 2 .(]Il 2 O, has been ])rcpared,^^ 

Rubidium Dichromate, RbgGrjO,, is eliicfly of interest on account 
of its exhibition of dimorphism. The trielinic (piiiueoidal) form is 
probably rather more stable and slightly less soluble tlinu tlio mono- 
clinic (prismatic) variety, 

Rubidium Trichromato and totrachromato aro decomposed by 
watcr.^*^ 

Silver Ghroninte, AggCrO^, reddish-brown pre- 

cipitate on mixing solutions of .sohtbli sUte■'isalts^vitb tlibse of; chromate 
or dichroinatc of potas^uinTijjrprpJJorabl^ Ayi]L<Jhf]hWarcd 

“ (itnilrhor, AnmleUt 18^8, 108, (58. « Olmtt,, 1871, [2], 4, 449. 

* 'WyronbofT, Jinll fran^. Mm,, 1880, 3 , f 

^ Oudomana, ifec. Tmv, chim,, 1880, 5 , 110 . **»'■«*» * “• 

^ 3?'oi' othor imotionH roo ITcint'^o, J, ^yrakl, Qhem,, 1871, [8], 4, 212 j Klot/.IiiBicy, 
ZeiMi. Ohem,, 1800, p. 127 ; Morj;ofl, Gomjyl. rend,, 1878, 86, 1443. 

Hoinko, J, 2waH. Ohem,, 1871, [2], 4, 226; Guyot, Oonvpl, rend,, 1871, 73, 40. 

® horg, Gomfl. rend,, 1887, 104, 1C14 { BloniHlmml, J, pukl, Okem., 1889, [2], 40, 380* 
^ ricoanl, pmhl, Oham„ 1802, 86, 440 j null Sac, chim,, 1803, [1], 5, 2G4 i (Jraacloau, 
Ann, Ohim, Phys., 1803, [3], 67, 227, 

l^r Holiilnlity in watorwco »Solu’oinoniaktir8 and Mlippo, Okem, Zenit,., 1000> i., 1321. 
1' Briggti, Trans, Ohem, Soe,, 1004, 85, 077 ; Barker, ihul„ 1911, 99, 1327. 

Wyreiibo/T Htalcn a : b ; o-0^500t) : 1 : 0^6000 j 0' { 52' j 34'. 

Gossnoi- niulH a : b : 0 -1.0202 : 1 J 1.8081 ; ^-=*03° 28' 30^ 

Grandoau, Ann, Ghim, Phys,, 1803, [3], 67, 227 ] Stortonbolcor, Hec, Trav, chim,, 1907, 
26, 240; Wynmban', Bull A'oe. chim,, 1908, |4:], 3, 7 5 Btortoiibokor, ibid,, 1008, [4], 3, 
481 I Soliroinoinakoi’Hnnd Filippo, loo, cil, ; La Bo), Oom-pl, rend., 1911, 153, 1081, Htrom- 
bolm {ZeiUnch, anorg. Ohem., 1012, 75, 277} (leH;ot‘iijca the double aaltH, IlbgCb'jjO^.HgCJb and 
RbaCJraO,()ldngei2),j.2.ir3(), 1® Schroinoiiiakerft and Fili])i)o, Joe. cil, 

BoluiloriKl, J, praH, Ohem., 1870, [2], 19, 3(5 ; Balir, Jakresber,, 1863, p. 3C8 j Anten- 
rioth, Per., 1002, 35, 2057 ; Margosohes, Zcilsch, (morg, Ohem., 1004, 41, 08. 
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hy (lecomposition of the compound Ag2CrO,i.4NH3 by heat, or by boiling 
the (lieliromate with water, it is ol3tained in a crystalline condition.^ Tlic 
latter method of preparation, or concentratioti of a solution of slh'^cr 
chromate \n dilute acetic acid* yields a grcenish-black modification,^ Tlie 
differences in colour have been connected witli differences in density ; ^ 
hut, according to Kohler,'^ the colour of pure silver chromate is always 
greenish black, the red substance, supposed to be a separate modifica- 
tion, being a mixture of silver chromate and solid solutions of tlic latter 
with nitrates or other salts present. Pure unfiised silver chromate has 
a density ® of 5-625 at 25° C. 


Silver chromate is almost insoluble in water, glacial acetic acid, and 
in solutions of potassium chromate, but soluble in those of ammonia, 
caustic alkalies, nitrates, and in dilute acetic acid,^ A concentrated 
solution of ammonium nitrate is a good crystallising medium for silver 
chromate.'^ With chlorine, above 200® C., silver chloride, chromium 
trioxide, and oxygen are produced,^ The solution in ammonia coii- 
tams the compound AgaCrO^.^-NHg, which forms crystals isomorphoits 
with tile corresponding ammoniacal sulphate,® 

Tlie precipitation of silver chromate under certain conditions hns 
attracted considerable attention since Licsegang^® observed that wlien 
a drop of Sliver nitrate solution is placed on a gelatin slab impregnated 
uitfi iiotassnim chromate or dichronmte, a preci]}itate of silver cliromate 
s produced which is not continuous, but which forms in rings separated 
hj clear zones, as diffusion of the silver nitrate tiirough the gel pro- 
mmim, are now known as TAesegang rings, and the plieno- 

h.nr vrecipitaiton. If the reaction takes place in a tesk- 

tiihc, layers of precipitate are produced. 

advanced in explanation.^ Ostwald 
i"^i 1 ^^'at supersaturation took place, followed by precinitation 
; Wfot i>n;nediate neighbou/W of the 

S «»u»f S'of So sou,- 

butL acrvstidlo « protected colloid 

eipitation takes place, the precipitate fmt'pSs througirthrcolloE 

duHatoflSOlllJeirslt'"'’ ^?M«aosor"®7’v^f ’ 

, i/a Eok. Pham. Weeiblml, 1016 , 53, 1564 . 

ibid., AnnaUn, 1870 , 140, 87 ; Pisolior 

* Jnrrriri ort.l IT-.-;-,™ ' 


11 phi/sikitl. Che 7 }i 101 <i 8ft i /ii 

Soelfatecliek, *^SeMnd Report on CniWri ^ 1014, ii., 1200. 

atherf^xploiiutions. Guigan, h^cience, 1921 Kd 78 fnt- 

Fripnrl n.wl V.,11 


“ Inend and ValJanpo. Tm?is, Ohem. Soc., 1022, 


I2I, 400. 
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a gradual growtli and ik 


to the large precipitated 
instantaneous transfonna- 
as gelatin is present, the 


spared by the 
n diclii’omatc ( 
ig till crystallisation c 


he neutral chit 

No irichrowate of silver is kin 
chromicyanide, Ag3Cr(CN)j and { 


omposed 
5 acid.« 


Ds.IOg, I 


r, Ag3Cr{C^ 
prepared from chromic (p. 7) 


been describe 

Sodium Chromate, NagCrO^, 
by fusion witli lime, sodium sulpl 
oxidising atmosphere, when the folio 

2FeO.Cra03+<lCa0+70=4CaCr04-hFeaO3' 

id the calculated quantity of sodiu 




ill sulphate, and heated under pressure; after flltration the 
. of sodium chromate is fractioimlly crystallised.® If the dichrom- 
is required, the solution of sodium chromate is slightly acidifled 
li sulphuric acid and evaporated until it crystallises. 

the rhombic system (bipyramidal) ; 


with sulphuric acid and evaporated until it crystaUis( 

Sodium chromate may be obtained anhydrous, and in the form of a 
deca*, hexa-, and tetrn-liydrate, according to tlic conditions of crystal- 
lisation. Tlie anhydrous salt, Na2Cr04, separates from its solution on 
'"'"'"'"■''‘■’''n at a temperature above 02*8® C.® It forms yellow crystah 
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1 

Temi'ierature, 

"G. 

Grams Na 2 Cr 04 in 
100 Grams H 2 O. 

0 

31-69 

10 

50-0 y 

18*5 

71-5 J 

21-2 

80-6 "1 

23‘2 

82-7 k 

24-7 

84-3 J 

30-0 

87-38 I 

36 

91-8 

40 

' 95-4 1 

45 

100-8 f 

54-5 

109-8 

59*5 

114-4 J 

70 

122-5 

80 

124-3 y 

1 100 

126-0 j 


Stable Phase. 


Na,CrO..10PLO 


NaaCrO^.GHaO 


Na2Cr04.4Ho0 


NaoCrO^ 


Observer. 


>-Myliiis and P\ink. 

-Salkowski. 

Sclireinemakers. 

}-Mylius and Funk. 




Mjrlius and Funk. 


The transition points have been determined as follows : ^ 

19-525° C. 25-90° C. 

Iva2CrO,.10H3O;:==:±Na2CrO4.6H,O^:=r±Na2CrO,.4H,O 

\ 62-8° C. 
Na2Cr04. 

The solubility curves for temperatures between 10° C. and 40° C are 
shown in the figure (p. 67). 

The decahydrate, NaAO^.lOH^O, has a density of 1-483.2 and 
crystallises in the monoclinic system : 

a : b ; c=l-1127 : 1 : 1-2133 ; j8=107° 43'.^ 

The crj^stals ye deliquescent, and are isomorphous with sodium sul 

y •“ in the 

a : b : c=l-1119 : 1 : 1-0624 ; ^=105° 4'.® 

A double chromye of sodium and potassium, Na.CrO K CrO 

existence of a double salt Mc'foO ’ 

’ Richards and Churohill, ZeitscJi. phymlcal. Chen 1890 sR siti t>- i. i 
Kelley, Pfoc. Amer. ^ 4 co^., 1911 47 171 . r o ’ ^^ic^^ards and 

he. Cit. ; MyUus and Funk, ^ ^ 33. 847; Salkowski, 

* Abbot, S^eijic Qravity of Solids, Washington, 1888 n 109 
4 °f Phihaophy, 1823, 22 , 287. ’ 

TakeucW. &.’coZrScl\yo]^Y91^1:°‘2X has been studied by 

771 ; 'fertWotrMl.S; ^’“ 573 *®^’ 1877, 84, 

‘ 1841, 52 , 585. 

23 , 286. ’ 1904, 39, 163; Johnsen, Jahrb. Miner., 1907, Beil.-Bd., 
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lographic elements of LiNa 3 (Cr 04 ) 2 . 6 H 20 (ditrigonal pyramidal), and 
(NIl 4 )NaCr 04 . 2 H 20 (rhombic bipyramidal ), have also been measured. ^ 
Sodium Dichromate, Na 2 Gr 207 . 2 H 20 , may be pre^oared as 



described above, or by methods similar to those described for potassium 
dichromate on p. 61. ^ It forms hyacinth -red, slender prisms, crystal- 
lising in the monoclinic system (prismatic) : 

a : b : c=0*5698 : 1 : 1-1824 ; /S=94° 557 

and of density 2*525.^ It is very soluble in water, the solubility being 
as follows (see figure 2 , p. 68 ) : ^ 


Temperature, 

" C. 

Grams Na 2 Cr 207 in 100 Grams 
Solution. 

Solid Phase. 

0 

61-98 

Na 2 Cr 20 ,. 2 H ,0 

18 

68-92 


84-5 

67-86 


52 

71-76 


72 

76-9 


81 

79*8 

J J 

93 

81-19 

Na 2 Cr 207 

98 

81-25 

j j 


1 Traube, Zeitsch, Kryst. Min., 1896, 26 , 644 ; WyroubofI, ibid., 1879, 4 , 418. 

2 See also Potter and Higgin, Ber., 1884, 17 , Ref. 218 •, Gormann, ibid., 1885, i 8 , Ref. 307. 
^ Wyrouboff, Zeitsch. Kryst. Min., 1893, 22 , 205. 

^ Stanley, Chem. News, 1886, 54 , 195. 

® MyUus and Punk, Ber., 1900, 33 , 3688. See also Stanley, he. cit. ; Siewert, ZeiUch. 
ges. Naturwiss., 1862, 19 , 17 ; Munzig, Zeitsch. Kryst. Min., 1888, 14 , 62. 
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The density of the saturated solution at 18° C. is 1-745.^ It melts 
at 320° C. and decomposes at 400° C.^ 

Sodium dichromate plays an important part in the tanning of 
leather. There are two methods of chrome tanning in general use— the 
twO’bath process and the one-hatli process. The former was invented 
by Schulze in 1884, and consists in first treating the skins with a weak 
bath of sodium dichromate acidified with a mineral acid, when chromic 
acid is absorbed, colouring the skins bright yellow but producing no 
tanning effect. The acid is then reduced by transferring the skins to 
a second bath containing an acidified solution of sodium thiosulphate, 



^ sulphates are produced which immediately convert the skins 
of the latter becoming brown probably owino' to 
the formation of a basic chromium chromate,^ CraCrOdOHh a corn- 

couie ot theSuo™; 'I"*””* show th, 

( 1 ) SCrOg + 6 HC 1 + SNajSaOa = 3 Na 2 S 40 , + 6 NaCl +H 2 O 

+Cr2Cr04(0H)4. 

1 Mylius and Funk, Ber., 1900 •x'l 2 ox i 

I Wood, 80^ 8cnnUfic Tanning InstituW rh«m”; T\ 

Procter 

Das, J, /Soc. Ghem. Ind.^ 1912, 75^ for n ooro-fni? ^ P* 206. See also Stiasny and 

thiosulphate aad a mixture of pitaesium dich^olTanfsS'p W “cid!^ 
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On further additions of acid the skins brighten in colour, chromic 
chloride being formed, and sulphur is deposited : 

(2 ) 2Cr03 + 12HC1 + 6Na2S203 = + 6 NaCl + + 2CrCl3. 

(3) 2Cr03+6lICl+3Na2S203=3Na2S04+3S+3H20+2CrCl3. 

Chromic sulphate is produced by the action of the oxidised thio- 
sulphate, and the basic salt results after the free hydrochloric acid has 
been used up, thus : 

(4) Cr3(S0,)3+Na2SA+H20=2Cr(0H)S0,+S03+S+Na,S04, 

sulphur being again deposited, chiefly within the skins. The softness 
of the leathers produced by this process is largely due to this sulphur, 
which acts as a filling and fibre-isolating substance, but such leathers 
made in imitation of chamois cannot be used for polishing silver. 

In the one-bath process the skins are immersed directly in a solution 
of chromic sulphate to which a certain amount of alkali has been added. 
The action depends upon absorption of colloidal basic sulphate.^ 

Sodium Trichromate, Na2Gr30io» is obtained by union of the 
dichromate with chromic acid as slightly soluble crystals.^ 

Sodium Tetrachromate, Na2Cr40i3.4H20, is similarly prepared.^ 

Sodium Ghlorochromate, NaGlGr03.2H20, may be prepared 
from sodium chromate and chromyl chloride ^ as reddish-yellow crystals, 
somewhat unstable, especially in solution. A chromoiodate, Na2Cr03. 
I03.I!20, has also been described.® 

Stannic Ghromate. — When stannic chloride is added to a solution 
of potassium chromate a yellow precipitate is formed, while the liquid 
becomes orange-yellow, free chromic acid being liberated. The pre- 
cipitate, when dried, becomes brownish yellow and translucent, and on 
heating changes into violet chromic stannate.® 

Stannous Ghromate has been described by Berzelius as a yellow 
flocculent precipitate resulting on the addition of stannous chloride 
to an excess of potassium chromate solution. If, however, dilute 
potassium chromate solution is added in small portions, with constant 
shaking, to stannous chloride, a greenish-white precipitate is produced 
which is probably chromic stannate. If the tin solution contains free 
acid the whole remains dissolved, forming a green solution. 

Strontium Ghromate, SrGrO^, is formed when an alkali chromate 
is added to solutions of strontium salts. It appears to be dimorphic, 
since it separates from concentrated solutions as long, slender, highly 
refracting needles, but from very dilute solutions as thick hexagonal 
prisms.*^ It is obtained in rhombic scales when strontium chloride is 
fused with sodium chromate or potassium chromate.® It is a yellow 
powder, of density 3*353,^ and slightly soluble in water, 1 part being 

^ For accounts of the various methods of chrome tannage, see Procter, Leather Trades 
Review, 1897, p. 390 ; 1898, p. 400 ; Cobb Lecture to Society of Arts, 1918 ; Stiasny, 
Collegium, 1912, p. 293 ; Wintgen and Lowenthal, Kolloid. Zeitsch., 1924, 34 , 289. 

^ Stanley, he. cit. 

^ Mylius and Funk, Ber., 1900, 33 , 3686 ; they also describe a chromate, Na 4 Cr 05 . ISHgO. 

^ Pr 6 torius, Annalen, 1880, 201 , 16. 

® Berg, Compt. rend., 1887, 104 , 1514. 

Leykauf, J. prakt. Ghem,, 1840, 19 , 127. 

^ Autenreith, Ber., 1904, 37 , 3882. 

® Bourgeois, Compt. rend., 1879, 88 , 382. 

® Schroder, Dichtigkeitsmessungen, Heidelberg, 1873. 
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dissolved by 831*8 parts of water.^ It is readily soluble in acids, in 
solutions of ammonium salts, ^ and in molten sodium nitrate.^ 

Double salts of strontium chromate have been obtained ^ by double 
decomposition with alkali chromate solutions, the latter being con- 
centrated and in excess ; K^St(CtO,)^ and (NH4)2Sr(Cr04)2 both yield 
yellow crystals which are decomposed by water. The additive com- 
pound (SrCr04.3HgCl2)2HCl has been described.^ 

Strontium Dichromate, SrCrgO^.SHgO, is formed by dissolving 
the normal chromate in chromic acid solution and allowing to crystal- 
lise, « or by treating freshly precipitated strontium chromate with solid 
chromic anhydride.^ It yields large reddish-brown monoclinic crystals, 

a : b : c=0*6023 : 1 : 0*5460 ; y=87° 28',^ 

readily soluble in water. On heating, the water of crystallisation is 
completely expelled at 110° C. 

compound SrCr,0,.SrCl,.4HgCl,.H,0 has been 

Trichromate, SrCrgOio-SH^O, has been prepared’ as 
garnet-red crystals by treating strontium chrornate with 
a large excess of chromic acid. 

a is precipitated when a solution of 

a thallous salt is mixed with potassium chromate. It is also produced 
bj ad^ng thallous hydroxide or carbonate to aqueous chromic acid 
or by the action of ammonia on the dichromate. Thallous chmmate is 
nf o powder, very sparingly soluble in water 300 o-rams 

of which dissolve 0-03 gram of the salt at 60° C., and 0-2 o’rarn at 100° (T® 

is solution thfCs chroiBate 

apparently Somo^iois SpSL^m^Xorarte “ At'^duH S^l ""1 

potassium thallic chromaTe! IcSoI TW&O 

yellow crystalline salt decomposVd by w£^^^ ^ 

crystalline powder^vh™ soIutbnfS a solub^rS^^ 

dichromate are mixed and is akn a potassium 

acid on the chromSe of sulphuric 

soluble salt, is obtained”by the aSmn of nhric^a 

or of concentrated sulphuriVadd frl tL dichromate, 

^ Presenius, Zeitsch. anal Chem ISQO .iio c. . ,, 

«• ■ 

’ fteis and Rayman. JBer., 1880, i3?34cr^°"^°®l Mn., 1891, 14, 77. 

anorg. CheQn.,lQ00^ 



13 irr;,, — ^ ^ I* AOOO, 0 . 255 . 

\\ilim, Ann. Chim. Phys., 1865, [ 4 ], 5 59 
Crookes, loc. cit. ; WiUm, loc. cit ^ ^ 
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Thallous Chlorochromate, Cr 02 ( 0 Tl)Gl, obtained from thallous 
chloride and chromic acid, forms small prismatic crystals decomposed 
by water.^ 

Thorium Chromate, Th(Cr 04 ) 2 . 3 H 20 , has been prepared.^ 

Uranyl Chromate, UOgCrO^.SHgO, crystallises in yellow needles 
on evaporating a saturated solution of uranium trioxide in chromic 
acid.^ The crystals effloresce on exposure to air, and become anhydrous, 
with partial decomposition, at 200 ® C. They are readily soluble in 
water, 1 part of the salt dissolving in 13*3 parts of water ; the chromate 
also dissolves in alcohol, forming a solution which decomposes on 
exposure to sunlight with separation of a brown precipitate. The 
addition of potassium chromate to an aqueous solution of uranyl 
chromate precipitates the basic salt, UO 3 . 2 UO 2 CrO 4 . 8 H 2 O, potassium 
dichromate also being formed, thus : 

8U02Cr04+K2Cr04==:U03.2U02Cr04+K2Cr207. 

The basic salt, UOg.UOgCrO^.OHgO, has also been obtained. 

Complex uranyl chromates may be prepared by treating an alkali 
uranate with warm concentrated chromic acid solution and evaporat- 
ing the filtered solution over sulphuric acid. The potassium salt, 
K 2 (U 02 ) 2 (Cr 04 ) 3 . 6 H 20 , which may also be obtained by evaporating a 
mixed solution of potassium chromate and uranyl nitrate,^ forms 
yellow monosymmetric crystals, 

a : b : c=0*7566 : 1 : 1-9714 ; /8=72° 38', 

partially decomposed by water. The ammonium salt, (NIl 4 ) 2 (U 02)2 
(Cr 04 ) 3 . 6 H 20 , is isomorphous with the potassium salt, 

a : b : c=0-8016 : 1 : 1-0196 ; ^=72® 31'. 

The sodium salt, Na 2 (UO 2 ) 2 (CrO 4 ) 3 . 10 H 2 O, separates in yellow warty 
crystals, which readily dissolve in water. 

A pyridine compound, (U 03 ) 2 (Cr 03 ) 3 . 2 C 5 H 5 N, has been obtained in 
the form of lustrous orange-coloured crystals.^ 

Zinc Chromate, ZnGr 04 , obtained by heating together 

potassium dichromate solution and excess of zinc hydroxide in a sealed 
tube at 220 ° C.,^^ or by heating zinc carbonate with chromic acid in 
aqueous solution.^ It forms small lemon-yellow crystals. According 
to Groger,'^ who has investigated the conditions of equilibrium in the 
system ZnO — Cr 03 — HgO, the monohydrate, ZnCr 04 .H 20 , may be 
crystallised from solutions containing more than 9-7 molecules of Cr 03 
(and 4*78 molecules of ZnO ). It yields microscopic lemon-yellow prisms, 
which may be heated to 125® C. without loss of water. 

Zinc chromate is decomposed by water, forming basic chromates,® 

^ Lepierre and Lachaud, he. cit. 

2 Britton, Trans. Ghe^n. 80c., 1923, 123, 1429. See also Palmer, Amer. Ch&m. J., 
1895, 17, 374; Haber, Sitzungsber. K. AJead. Wiss, Wien, 1897, [ii6], 106, 690; Monatsh., 
1897, 18, 687. 

® Orloff, Chem. Zeit, 1907, 31, 375. Formanek {Annalen, 1890, 257, 102), using uranyl 
hydroxide, obtained similar crystals, to which he gave the formula lJ02Cr04.11H20. 

^ Formanek, he. cit. ® Briggs, Zeitsch. anorg. Ghetn., 1907, 56, 246. 

® Schulze, ibid., 1895, 10, 148. ^ Groger, ibid., 1911, 70, 135. 

® Groger, he. cit. The identity of these basic chromates is questioned by Britton 
{Trans. Ghem. Soc., 1926, p. 134). 
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Sr separated: 4ZnO.CrO3.3H2O; SZnO.CrO,. 

-IIjO ; A/nO.^Cr^.SHaO ; 8ZnO.2CrO3.H2O — this being the order of 
their existence. Basie salts, for example, 4ZnO.CrO3.H2O, are also 
01 me 3 } precipitation of zinc salts with sodium chromate, or by 
decomposition of the double salts with water. These compounds are 

dtmn v-in!w® / the names of zinc yellow, zinc chrome, and 

bcinTdhi and possess the advantage over lead chromes of not 

JS«it In » hydrogen sulphide or by contact with sulphide 

ever and are Dipt- f ^ ^ equal to the lead chromes, how- 

Sth Prulkn hW Sp^ 1 ^ separate pigments. Mixed 

vitli 1 russian blue they yield the various zinc greens 1 

Double chromates of zinc and the alkali metals have been described 

X*!? vSr. K>^pO.),2H,0 is obtoeT , ti e fo 

Ot light jellow prismatic crystals when an excess of a concentr-ite 1 
potassium chromate solution is added to a solut 011 of T iinf sdt ‘ 
The compounds K2O.4ZnO.4CrO3.3H2O and (NHh O ^ZnO opln n o 

irbhS.“^*^'’ individual^ hat^fot 

precipitating ammoniacal solutions 

alcohol : ZnCrO,. 4 NH, 8 H 0 • ZnCrO 4,>m means of 

4ZnCrO,.2(NH,tcrO M w n i ZnCrO,.NH3.H.O ; 

3 Cr 03 . 10 NH 3 . 1 oKo^" 2 ^nCrO;SiH!wNH'^ ’ 

Zmc Dichromate. ZnCr O m n ; 
a solution of zinc carbonated cold^^upn^^^^P®*^ • <^vaporation of 

vheapure,orange-redTvstals but^hp^l^^^^ yields, 

crystals are hygroscopic and readilv di«c usually dark red. The 
diehromate is decomposed on boiling! ° water, by which the 
The double salt ZnCr O 9TTrr/r'XT\ tvrr r\ i 

Zinc Trichromate, ^ZnCr*© 3 H been obtained.® 

so ution of the dichromate with"'exclsdnf Pf ’ by treating a 

dehquescent reddish-brown prisma^fc^ acid. It forms 

R,;VrO,V8H.o;SetL£tta„‘l''p*"’ ’’t 

or Samarium, has been prepared.® ’ Praseodymium, Neodymium, 
Percheomic Acid and Perchromates. 

The deen^'i^^'^'w aqueous solution 

~ - Bock, Korn,. 

: Ok.„ Kroger, 

Kroger, iia 1910,66,7. ^ 

to a. 1847, fsp . 0 . 3a4.“«fe 



CHROMIUM COMPOUNDS. 


73 


reactant (see p. 105). The blue product is very unstable, rapidly losinij^ 
oxygen and yielding a chromium salt, but it remains undc^eomposed for 
a longer time if dissolved in ether, amyl alcoliol, or ethyl a,ceta;t;e. The 
isolation of definite ‘‘ perchromic ” compounds from siu‘li solutions lia,s 
been attended with great difficulty,^ By evaporation oi* the cd-hca’eal 
solution at — ' 2 ()® C., Moissan obtained a blue oily substance, \vhi(*h he 
formulated as Cr 03 .H 202 , and salts of composition JhiCrO^ a.nd Na^jCIr^Or,. 
28 H 2 O, prepared by suitable neutralisation of the blue solution, have 
been described.^ J)clinite perchromates, however, were not isolated 
until 1897.'^ A Itcc })(a’cliromic acid, of coinposition lLjCr()^. 2 ll 2 (), lias 
noAV been prepared, a,nd Ibur ^ types of derivatives have been shown, 
with reasonable certainty, to exist : 

(1) Alkali perchromates of the ty})e R'yCrOg, reddisli brown in 

colour ; 

( 2 ) Alkali salts of tlic type lUII^CrO^ or l)lue in colour ; 

(3) Derivatives of chromium tetroxidc; lor exarnple, chromium 

tetroxide triammine, CrO^.tiNIl^ ; 

(4) Perchromates of organic bases of the type llCrOQ.X. 

Perchromic Acid, H.jGr 0 g. 2 H 20 , may be jireiiared liy tlie intcu'- 
action at —30'^ C. of eliromium trioxide and 97 per cent, hydrogcai 
peroxide in methyl-cthcr solution. Tlie reaction proceeds acxiording to 
the equation 

2Cr02+7H202-2H2Cr0gH 41120. 

The blue ethereal solution is poured off Irom excess of eitlujr reagent, 

dried with phospliorus pentoxide and evaporated in vacuo at C, 

The pure acid remains as a dark blue crystalline mass, wliicli clctxiinposes 
at a few degrees above C. 

The red perchromates, belonging to the first ty])e, are formcxl by 
the action of hydrogen peroxide on well-cooled alkaline, acpuxms solu- 
tions of chromates, lied a/mnionmni percliromatcg (NII,|).jCh'()g, for 
example, may be prepared as a reddish-brown, wc41-(X’ysUillis(x,l salt 
by the interaction at a low temperature of 30 jier exmt. hydrogen pciroxide 
and an ammoniacal solution of ammonium ehroinatti.^‘ ' The eorrespond- 

^ See Schoiibein, J. praH. Ghem., 1859, 79 , 69 ; 1860, 80 , 257 ; Ahc'.Iio/T, ibuL, I 8 () 0 , 81 , 
401 ; Werther, ibid., 1861, 83 , 195; Storer, ibid., 1860, 80 , <M ; Proc. Amvr. Acad. A/t^ 
Sci., iv., 338; Brodie, Phil. Trans., 1850, 140 , 759; Trans. Ghr.in. Par., J8()3, 16 , 326; 
Bairley, Chem. Netvs, 1876, 33 , 238 ; Moissan, Compt rend., J,883, 97 , 9 (> ; Ma,i*linoji, Pull. 
Soc. chim., 1886, 45 , 862; Carnot, Compt. rend., 1888, 107 , 918, 997, IJoO; IkM’tlu'lot, 
ibid., 1889, 108 , 24, 157, 447; Baumann, Zeitsch. angew. Olmu.., 1891, 4 , 135; MarcJi- 
lewski, ibid., 1891, 4 , 392 ; Griggi, VOrosi, 1892, p. 295 ; Gi-oHvcnior, ./. Amer. Ghem,. Poe., 
1895, 17 , 41 ; Bach, Bar., 1902, 35 , 872 ; Patten, Amer. Cham. J., ,1903, 29 , 385 ; .KarHlak(^, 
J. Amer. Ghem. Boc., 1909, 31 , 250. See also IXico, Peracids and their Balts, JjonKmanH. 
1912, _p.' 92. ' " 

2 Pdcliard, Gompt. rend., 1891, 113 , 39 ; Haussermann, J. praJet. Ghem., 1893, 121 , 48 , 
70. Cf. Wiede, Ber., 1897, 30 , 2179. 

^ See Wiede, Bar., 1897, 30 , 2178 ; 1898, 31 , 516, 3139 ; 1899, 32 , 378. 

^ Byers and Reid {Amer. Ghem. J., 1904, 32 , 503) deHeril>o a compound K.j()r„()H 
analogous to the pcvrsulpliatoH. That such a compound Hliould exiHt app(iarH within 
limits of probability, but so far no confirmation of its oxistcnccj has be-en fortluiomijig. 

Riesenfeld and. M!aii, Bar., 1914, 47 , 548. 

« Riesenfeld, Wohlers, find Kutsoh, ibid., 1905, 38 , 3380. Sec also Riesenfeld and 
others, ibid., 1905, 38 , 1885, 3578, 4068 ; 1908, 41 , 2826, 3536, 3941 ; 1911, 44 , 147 ; Ber 
JSlaturforsch. ges. Freiburg, 1906, 17 , 1. Gf. Hofmann and Hiendlmaier, Bar., 1904, 37 
1663. 34.65 j 
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ing ioiwm salt forms reddish-yellow, doubly refraetirc, glistening i)I:it.<'.s, 
while the potassium salt is darker in colour than the aininoanun sail' 
which it resembles in other respects. These salts arc readily nalueed’ 
even by moderately dilute alcohol, at ordinary teni])cratures. 'I'liev' an' 
unstable in the dry state, and on heating sometimes cv'o'he ox\ <mn 
explosively. * 

RHaCrO, or RCrOj.HaOa, are formed by the interaction a,f; a.'l!>w 

SomSeS^iS peroxide ivith acid solutions of 

chromates , a modified method of preparation consists in the; neutral- 

f blue ethereal solution of porehromic acid 1)\ an 

a eohohe solution of the alkali.^ Similar to the red salts, the crystalline 
ue perchromates are unstable ; in the moist condition tlu'v arc <‘\ cn 
more so than the red variety, but both forms may best be pivscrN c-d by 
keeping in an atmosphere saturated with aqueous vapour •» 

Chromium Tetroxide TriamminG PrO ^Nri4^ i i 

by several methods,* one consisting of heatii'm the iWr '.J"' 
perchromate with 10 per cent, ammonia at 40°”’c when ervsf ■ds 'an* 

depend 

brmm needles or rhombic plates,^he densR^of whidrafl^-n" £”£ 

partlYdTcomposftionrS' (‘dKmgh ^vith 

ilkaheslt moderately heating..^ I'yai; 

peroxide are formed. In both cases ^‘'^*** li.Vdrogc'n 

properties being those of an amminf. i« evolved. Its 

may be formulated thuf- ’ ammonium salt, it 


-H3N 


^0 


H3N 

1_H3N- 


::;;iscr^o 


K 


The compounds CrO^.SKCN, 

_ 1.XSJ - r 

have been prepared,^ together with 1 '-'.(OII)„ | 

^^"«hylenetetramine c'ompomTds 9 ethyleiiediaminc and 


....mnemamine and 

the formShe of whLra^r?i°SeVpe^Hc‘o ^ organic bases 
m colour. The triethylamine anihL ? are also blue or v^,l< t 

me salts have been prepared.’ The ‘P"''"’ 

: ^ ‘ “ -- 

• =«<«» «o4,S!“’ 
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pared ^ as a blue crystalline compound by the addition of liydrogcn 
peroxide to an aqueous solution of chromic acid contaiuinjjf c-kcoss of 
pyridine, or by the addition of excess of pyridine to ('ither tlie ixmI 
or the blue ammonium perchromate. It is only slightly sohibk; in water, 
and is stable only when in a dry condition. It is decomposed witli 
detonation by moderate heating, or by addition to conccntratcxl sulpluiric 
acid. 

A tetramethyl-ammonium derivative, N(CH 3 )^CrOr„ is also known. 

Constitution of Perchromic Acid and the Perchrninafes. — 'I’he ■|)roperties 
of the blue perchromic acid, IlaCrOg.'illaO, indicate that tlu; water is 
present as water of constitution, and the chromium a.pp(^ars to liincl ion 
as a heptavalent element, a condition which would not be anticipatcal 
by consideration of its position in the Periodic classilication of the 
elements. The following formula has tliercfore been suggested : 


H0\ 

IIO-A 

iio- 

110 / 


/O.OII 

Cr^O.OII 

^O.OH 


and the red perehromates may be regarded as anhydro-salts of the l)Iuc 
perchromic acid, thus : 




/O.OR 

^Cr^O.Oll 

^O.OR 


whereas the blue perehromates and compounds ol' the type llCrO^.X 
may be regarded as derivatives of ati unknown acid of coinposition 


ov 

0=Cr- 


-O.OII. 


These formuhe are based on the proportions of pc;roxidi<; oxygen 
which appear to be present in the compounds. The accurate; d(;teriniiui- 
tion of such oxygen, however, is attended with dillicultv, and it must 
not be assumed that the question of the constitution of the per<;hromal;c's 
has been finally settled.® 


Chromium and Sulphur. 


Three sulphides of chromium, possessing respectively I.1 k> formula; 
CrS, Cr-jS^, and CrgS^, are known. 

Chromous Sulphide, CrS, may be obtained by heating clironious 
chloride m hydrogen sul])hide at 440° a.,** or metallic chromium may 
be used at very much higher temperatures ; ^ it is also obf;ain<;d by 
heating chromic sulphide, Cr^Sj, in hydrogen,® or by iidcracttion (if 


1 Kiesenfeld and others, Bar., 1905, 38 , 3380. 

! Wiede, loc cit. ; Eieaonfeld, Ber., 190.5, 38 , .8380 ; 1908, 41 , 3941. 

44. 147; Zeitsch. anorg. Ohem., 1912, 74 , 48; Sr'italsky, 
1907, 53 , 184 ; 54. 26.5 ; 56 . 72 ; 1910, 69 , 179 ; Ber., 1910, 43 , 3187. 

Moissan, Compt. rend.^ 1880, 90 , 817 M'oorlot, 1895, 121 , J )43 

10,4 0^^0^’ Wedekind and Horst, Ber., 1915, 48 , 105. Tnuih(‘, Anmilvn, 

1848, 66 , 98, states that the pyrophoric residue obtained on heatiuK to ivdiu^Hs c.hrornio 
sulphate in hydrogen consists of a mixture of chromous sulphide and chromium st^squioxido 
Cf. Kopp, Oompt. rend., 1844, 18 , 1156. ^ 
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aqueous solutions of a chromous salt and alkali siiljihid.-. I 
black powder, or glistening prisms, of density .‘J-noi* ai II ( . 


It is I a 


a fii!\ 

»fn (<!<■■ 


. ^ „ . - ’ ^uKiLcxung- prisms, oi iicnsilv ii-iHVJ nl II ( . ' If ts 
obtained m a crystalline form by treating wii.h nilric acid Ih, nilMcil 
crystals of tie double suliiliide, Al 2 Sj,.('rS. wlii.di ivsull mi 
mixture of aluminium and clirornium in hydrogen snhiliide, and ii. ai 
mg the mass ivith water.^ Chromous sulphide is oxidised on h, ih'i... 
in air, but is scarcely attacked by acids. ' 

Tetrasulphide, Cr,S,., is prei.an-d l.y heatum 
ture of chromium sesquioxide and snljihnr in hydrogen ‘ 1 1 is •, 

in ntrfcTciS sulphuric a<hd, but , asd^ 

sulphide upon heated chromic ofide'tv ()^ or'o f .ii 

yiother method comisls ” L Shtr i”' I ’'"''"'I" 

Chromium, in carbon disulphide vapour'’ •'’< •'>‘I'*iox>de, or ui. I.dhe 

ot deaXs-SSt- c“ ■ ' 

sulphide. It is SS and SsiS 

fosed potassium nitrate ConrnmmS ‘“I"'- and 

plhdes of other metals have been descri^id ”'’^^^^^ 

plude as the thioanhydride of tbmei.t ' l^'W^-ding ehroinie sul 

“ ■ 

‘jutiium 1 niochromite IV^i o i . . 
potassium chromate is fused with an ‘’’*>>"<‘<1 when 1 part of 
each of eodium e.rCte pt’tSm "l''’'""' 
bromnsh-grey crystals tifiTm „ a carbonate, 'rii,. 

of potassium chromate is fused with 01 p ' “ when I part 

and 24 parts of sulphur to a brS re^t .'arf.onnte 

and then being thoroughly but ranidbr^ I ’ > ' <-'><>led shn\K 

« redSisi; or blS'Scrf .‘S.™ 7'',' 

in air. plates, of tlmrat v 

JI iu 

X e . <>>>tained by fanlin.. 


-Hhnitiii, 


„ 1898 x , i 

37 , 


Muller Anna 

’ ^^ 7 . 404 . wm. 

^•> 1897 , 12 ], 56 . 401 ; 1808 , 57 , 208 . 


(Virii,, 
J. 


•K'iO. <>«. !» , 
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solutions of tlicir salts with sodium thiochromite. 'I'luis ooinnomuk ni‘ 
the type M“CivS,. where M" = Cu, Zn, Ccl, Sn, I«l,, M„, I? J'o n! 

have been i)repa,red.i They arc j^royisli-blaek, insoliihlc- suhstaiiccs’ 
unacted upon by hydrochloric acid, but readily decomposed by nitric 
acid or aqua regia. ‘ 

Chromic Sulphite . 2 — The normal salt is not known. On boilimr 
the green solution obtained by dissolving chromic hydroxide in aqueous 
sulj)hurous acid , 3 or on the addition of alcoliol, a, green basic sulphite 
of composition 4 Cr2(S0;,).,.2Cr(011).,.i;jH20, separates. Other basic 
sulphites have been described,'’ as also have chromic dithionate,® 
Cr2(h.P(.)3.18H20, and the twajpownd ;jCr., 0 .,. 4 S., 0 r. 2 -UI .0 

Chromous Sulphate, CrSO^-yH^O, ' is produced by dissolvin^r 
chromous acetate in dilute sulphuric acid, or by ini.iraction of ehromiurn 
and sulphuric acid.’ It forms blue crystals, isouiorphous with tliose of 
leSO^.THaO, and is soluble in water, though not in alcohol It is 
readily oxidised by the oxygen of the air. Moissan describes a hydrate 
LrSO^.IIaO, as a white powder, which with water regenerates the hepta- 
hydrate.® ^ 

Several double sulpliates of divalent chromium exist : sodium 
chromous sulphate, NaaSO^i.CrSO^.tdlaO, is prepared « by the action of 
chromous acetate upon a mixture of sodium sulphate and siilplmric 
aeif Ihe potassium salt, KsSO^.CrSO^.dllaO, is obtained by aleo- 
holic precipitation of a mixture of chromous chloride and potassium 
sulphate in solution in absence of air. An ammonium salt, (NIL)„SO,. 
CrS 0 .,. 6 H 20 , has also been prciiarcd.'^ ^ ^ 

Chromic Sulphate Cr^^SOJ^.—Tlic anhydrous salt is prepared 
by dehydration of a hydrate in air at 400“ C.,w or in a current of carbon 
dioxide at temperatures rather above 280“ C.J'‘ It forms bluisli-refl 
crystals, of density 3-()12,i« insoluble in water and acids. 

Violet Chromium Sulphates. —Chvoimo. sulphate can be obtained in 
aqueous solution by dissolving chromic hydroxide (dried at 100° C ) 
in the calculated quantity of warm sulphuric acid, allowing the oreen 
solution to stand for a week, when it becomes blue in colour (although 

K. Ahul IViu. Wien. 1881, 83 , 749; 

“ Mnspratt, Anmiltn, 1844, 50 , 259; Manzoni. Qazzelki, 1884. 14 ;i60. 

19 Idiys., 1832, |; 2 J, 50 , 370 ; RcaiDum, JiicU.’Hoc. chim., 1898, [ 3 ], 

Danson, Qtcarl. J. Chern. Soc., 1848, 2 . 205 ; Rohrig, J. praH. Chem., 1888, |, 2 ], 37 , 

“ Seubert and Elton, Zeitsch. anorg. Ohem., 1893 4 7 (i 

“ Kruss, Annalen, 1888, 246 , 189. 

548^ P]’ 37. 290 ; l* 6 ligot, Ann. Chim. PkjH., 1844, [ 3 ], 12 , 

1896, to! 44.° 1887, 6, 202 ; Whitney, Zeitsch. phjsihd. Ohem.. 

« Laurent, TMse Pharmacie (Paris), 1901. 

P61igot, Ann. Chim. Phys., 1844, 13 ), 12 , 540. 

Laurent, CompL rmd., 1900, 131 , 111 , 

If Eor a general discussion of the constitution of the chromic siilpliatc.s, and for a com 
prehensive survey of the held of inquiry, seo Urbain and SAuSchal, bilmduction a la dhimie 
dea Oompkxes (Ians), 1913, p. 361. Ifor inagneto-ohomical data of the violent and un'ni 
see Cabrera and Marquina, .4 wait. i'V«. 1017 re iqq ^ 

>■> S 6 n 6 ohal, Gompt. rend., 1914, 159 , 243. 

il Schrotter, Pogg 4»tnafcn 1841, 53 , 520 ; Siuwort, Annalen, 1803, 126 , 101. 

1873 ^ 7 ^ 579 '^”''^ Icttorason, Her., 1880, 13 , 1459. Of. Eavro and Valson, Oompt. rend., 
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reddish by transmitted light) and deposits violet crystals, or by 
allowing to crystallise a mixture of sulphuric acid and a solution 
of chrome alum.^ These regular octahedral crystals, which have 
density 1-867,2 are easily soluble in water to a blue solution, but 
the substance may be reprecipitated by alcohol.^ Two violet hy- 
drates, viz. Cr 2 (S 04 ) 3 . 15 H 20 and Cr 2 (S 04 ) 3 . 17 H 20 , are definitely known, 
though the existence of others containing 12 H 2 O, I 4 H 2 O, and I 6 H 2 O 
respectively has been suggested.^ Colson ® observed that a green 
solution of chromic sulphate on exposure to sunlight, in becoming 
turquoise blue in colour, increased in density ; it was assumed to 
contain the compound 

c;n /Cr(OH).SO,H 

^Cr : SO4 

Green Chromium Sulphates , — ^When the solid violet salt is heated 
above 90° C. a green amorphous mass is obtained. Contrary to the 
opinion of Wyrouboff,® Colson ^ considers that this substance may be 
regarded as a condensed sulphate ; for example, 

SO4 : Cr.SO4.Cr : SO4 
: Cr.SO.ir : 


SO, 


so. 


A green amorphous precipitate is also obtained when a violet aqueous 
solution is evaporated at temperatures between 70° and 100° C. It has 
been observed ® that a violet solution becomes green on the addition 
of alkalies or alkali carbonates, whereas potassium nitrite and thio- 
cyanate produce the contrary effect. This change from violet to green 
is accompanied by an increase in acidity, and is apparently due to 
hydrolysis, together with change of structure — probably as follows : ® 

2Cr2(S04)3+H20:^[Cr40(S04)4]S04+HaS04, 
a pentasulphate being formed. 

This conclusion is based upon considerations of cryoscopic and 
conductivity measurements, a study of absorption spectra, and upon 
observations regarding precipitation with barium chloride in aqueous 
solution. It is found that precipitation often takes place only to a 
fraction of the theoretical extent ; in fact Colson divides normal 

1 Higley, J. Amer. Chem. Soc., 1904, 26, 613. 

2 Favre and Valson, Go7npt. rend., 1873, 77, 803. Of. Schrotter, Pogg. Annalen, 1841, 
53> 513. 

» Schrotter, loc. cit. See also Lowel, J. Pharm., 1845, [3], 7, 321 ; Baubigny, Go^npt. 
rend., 1884, 98, 100. Traube, Annalen, 1848, 66, 168, and £tard, Go^npt. rend., 1877, 84, 
1089, obtained the hydrate by reduction of chromic acid by means of alcohol or ether’ 

^ Sen4ehal, Gompt. rend., 1913, 156, 552 ; 1914, 159, 243 ; Weinland and Krebs, Zeitsch. 
anorg. Ghem., 1906, 49, 157 ; Colson, Gompt. rend., 1906, 142, 402. The hydrate obtained 
as above described was formerly considered to contain 18H.,0. 

^ Colson, Gompt. rend., 1905, 141, 1024. 

6 Wyrouboff, Bull. Soc. chim., 1902, [3], 27, 666. 

’ Colson, Gompt. rend., 1907, 144, 206. 

8 van Cleeff, J. prakt. Ghem., 1881, [2], 23, 58, 70 ; fitard, Gompt. rend., 1875, 80, 1306 • 
1877, 84, 1090 » » , 

» Colson, Corny*. W, 1905, 140, 42, 372; 1907, 144, 637; 145, 250; Eichards and 

Bonnet, Ze%isch. physiJcal. Ghem., 1904, 47» 29 ; Nicolardot,' Gompt. rend., 1907 145 1338 • 
Graham, Amer. Ghem. J., 1912, 48, 145 ; Colson, Bull. Soc. chim., 1911, [41, 9 862 Gf 
Denham, Zeitsch. anorg. Ghem., 1908, 57, 361. ’ *'* 

Colson, Bull. Soc. chim., 1907, [4], i, 438. 
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green chromium sulphates into three classes, which he denotes as 
trebly, doubly, and singly masked, according as three, two, or one acid 
radicles are unprecipitated by barium chloride solution in the cold. 
He suggests that the ‘‘ masking ” is due to the formation of such a 

group as (0H).Cr.HS04. Moreover, the barium sulphate precipitated 
from a solution of the green, but not from one of the violet, salt adsorbs 
small quantities of a green, strongly basic chromium sulphate. 

The green hexahydraie, (>2(804)3.61120, or Eecoura's sulphate,'^ is 
obtained by saturating a solution of chromic acid with sulphur dioxide 
at — 4 i° C. and immediately evaporating. The salt is soluble in water, 
yielding a green solution which gradually changes to violet. 

When heated in dry air at 80 "^ C. a less soluble trihydmte^ Cr2(S04)3. 
SHgO, results. 

It is found ^ that attempts to precipitate the sulphate from Recoura’s 
green sulphate are at first unsuccessful, but that after a time barium 
sulphate is deposited, the amount increasing at first rapidly, then 
gradually. The green solutions apparently tend towards a state of 
equilibrium which is a hmction of the temperature and concentration, 
and is the state towards which violet solutions of the same concentra- 
tion gradually tend to pass. It is probable ^ that the composition of 
Recoura’s green chromic sulphate may be expressed according to 
Werner’s scheme by the formuia 



The green decahydrate, Cr2(SO4)3.10H2O, separates as an amorphous 
green hygroscopic mass when the green solution obtained by reducing 
chromic acid by sulphur dioxide at 0° C. is completely evaporated in 
vacuo. This compound differs from Recoura’s sulphate in that the 
green colour of its solution is permanent, and one-third of its ‘‘ sulphate ” 
is precipitated by barium chloride. The constitution may probably 
be expressed thus : 

Cr (^^4)2 Icf) OTT^O 

The solution on boiling is hydrolysed in the same way as the violet 
solution, and tlie pentasulphate is formed. The freezing-point of the 
solution is unaltered by boiling, so that no change in the number of 
molecules present occurs. 

Colson ^ considers that a cold solution of chromic sulphate is an 
equilibrium mixture of the violet sulphate with three green sulphates, 
to which he gave the formuhn Cr2(S04)3.6H20, ^2(804)2.(011). 
(HSO4), and Cr2(S04)(0H)2(HS04)2. As to the green sulphate 
obtained by heating the solid violet salt, it has been stated ® that it 
may exist in solution at the same temperature in two distinct molecular 
aggregations, [Cr2(S04)3]2 and Cr2(S04)3. 

^ l^ecoura, CompL rend., 1891, 112 , 1439 ; II3> ^^7 ; Ann. Chim. Phys., 1895, [7], 
4 , 494. 

2 Kling, Tiorentin, and Huchet, Compt rend.^ 1914, 159 , 60. 

» Golaon, Bull Soc. chim., 1907, [4], i, 438 ; S^ndchal, Compt. rend., 1914, 159 , 243. 

* Colson, Compt. rend., 19()7, 144 , 79. 

s Colson, ibid., 1907, 144 , 325. Sco also Ann. Chim. Phys., 1907, [ 8 ], 12 , 433. 



80 


CHROMIUM AND ITS CONGENERS. 


By allowing a 0-5 N solution of chromium sulphate to stand until 
the state of equilibrium is attained, then evaporating in vacuo to the 
point of saturation, and adding excess of alcohol, Recoura ^ obtained 
a lilac-grey precipitate, which, after washing with ether, was found to 
contain ISHgO. On addition of barium chloride to its solution the 
whole of the sulphate ion was precipitated. After exposure to air for 
one day, however, it was found to have lost 2IT2O, and the addition of 
barium chloride to its solution produced no precipitate. After remain- 
ing in a desiccator for some time, the compound contained only 12IT2O. 
The constitution of these products has not been determined. 

In fresh solutions of the green sulphate, the latter has the power of 
masking the sulphate ion in other metallic sulphates to the extent of 
several hundred molecules for each molecule of the green salt present, 
the actual amount depending on the age of the green solution, its con- 
centration and degree of acidity.^ 

A dihtjdroxijpenia-sulphate, Cr^{SO^UOIl)^, separates as an 
amorphous substance ^ when the green solution, obtained by shaking 
chromium hydroxide with a limited quantity of cold dilute sulphuric 
acid, is evaporated in vacuo. Only three of the five SO4 groups present 
are immediately precipitated by barium chloride, but the resistance to 
precipitation diminishes with rise in temperature or increase of con- 
centration. The following constitution is suggested by Colson : 


SOyCr<^^°")>Cr.SOJ-ll. 


0 

A number of basic chromium sulphates have been described ^ — [a) 
3 Cro 0 a. 2 S 0 .. 14 lL 0 ; ib) Cr2O3.SO3.6H2O ; (c) 2Cr2O3.3SO3.xH2O ; (d) 
5Cr2O3.8SO3.xH2O; (e) Cr2O3.2SO3.5H2O; (/) SCrgOg.l^SOa.xH^ 

{g) 7Cr203.5S03.25H20— as well as the acid sulphates,*^ 2Cr2(S0j3.Ii2S04 

Ghromisulphuric Acids,® H2(Cr24S04), H4(Cr25S04), and 

H3(Cr26SO,), are obtained by drying at 110° to 120° C. the green 
residual mass after heating on the water-bath 1 molecule of chromic 
sulphate with 1, 2, or 3 molecules of sulphuric acid. Ihe acids, which 
yield metallic salts, are stable amorphous powders when dry ; in solution 
they gradually undergo dissociation. The pggestion has been made 
that ^ey may be regarded as negatiye colloids. 

A number of double sulphates of triyalent chromium with other 

metals are known. ^ ^ c a i 

Lithium Chromic Sulphate, SLiaSO^.CraSOJa, forms « greyish- 

green, slightly soluble needles. 

1 Recoura, Coniipi. rawi., 1919, 169 , 1163. , rt i -i ions .... no 

a Beooura, i6M., 1922, 174 , U60. a (h\ 

* (a) Sohrotter, Pogg. Annalen, 184:1, S3. 516; SoM, 1862, 124, 167 , (6) 

Soliifi, ioc. cit. ; (0) Bunsen, Fogg. Annalen, 1875, 155, 230 ; (d) Siewert, inwoZera, 1863, 
97 ; (e) Sihrotter, loc. cit. ; Schifl, loc. cit. ; Siewert, loc. c^t. ; (/) feiewert, he. cit. ; 

(a) ViilliOixnBoxi., J» Physical Chem.f tt n * 

5 (a) Traube, Annalen, 1848, 66 , 87 ; Siewext, ibid., 1863, 126 , 1^2; Nopp, Compt. 
rend., 1844, 18 , 1156 ; Schumann, Annalen, 1877, 187 , 306 ; ( 6 ) Cross and Higgin, frans. 

1892, 114 . 477 ; Ann. Ok^. Phys., 1896 [7] 4 494 ; WMtney, 
Zeitsch. physiJcal. Chem., 1896, 20 , 44 ; Poizat, M. ^oc. 1923, [4], 33, ^06- 

’ Martinez- Strong, Compt. rend., 1910, iSo» U72 ; Anal. Fis. Qmm., 1910, 8, 199. 

8 Wernicke, Pogg. Annalen, 1876, 159 , 576. 
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Sodium Chromic Sulphates. — (a) Na2S04.Cr2(S04)3.24H2C is 
obtained by reduction of a mixture of sodium dichromate and sul- 
phuric acid' with alcohol ; (5) 8Na2S04.Cr2(S04)3 forms green needles.^ 

Potassium Chromic Sulphates.— Several have been described : 
K.,S04.Cr.,(S04).,.Il2S04; Cr.2{S04)3.3K2S04 ; and Cr^SO^);,.^^©^. 

K“,S0,.9H.,0, together with the more important chrome alum. 

“ Potass"ium Chromium Alum, “ Chrome Alum,’ K2SO4. 
Cr,(S0,i).>.24H20, first isolated by Mussm-Puschm,^ is obtained by the 
reduction of a mixture of potassium dichromate and sulphuric acid 
by suhihurous acid,* alcohol, oxalic acid, etc.® . 

The aqueous solution (blue, with a reddish tinge, but becoming green 
at 50° to 70° C.) deposits violet octahedra ; of the several forrns m 
which chrome alum crystallises, including the rhombic dodecahedron, 
cube, and trape/ohedron, the octahedron is the most stable ^ ihe 
crystals have a density of about 1-84,’ a specific heat of 0-324, and 
a coefficient of expansion of 0-0000246.'' The transformation of the 
violet to the green variety takes place at 78 C.,* the substance melting 
at 89° C.*' to a green mass. Other physical constants have been deter- 
mined,*2 and the absorption spectra of its aqueous solution studied. 

At ordinary teuqicratures, over concentrated sulphuric acid, chrome 
olnm lns(‘s V>n O - Oil licatiug to 300° to 350° C. it becomes anhydrous, 
£ i.: the £.;• -It heated much above 350" C. the teeidue 

’££i£I£m'l55'iible in water, 100 c.c. of water at 25’ C. dis- 
solvin"*" 24-39 grams of the hydrated salt. The violet soluhon, on 
heatimi- at 50° to 70° C., becomes green, and is then crystalhsable wi h 
difficuVty.*’ The violet solution, even at ordinary temperatures, slowly 

’ Wi-micki-, lor. (-■If. ; l5t,ai-d, Co-mjrf. rend., 1877, 84 , 1089. 

2 /’«<•/'/. Annalm, 1876, 159, 575 ; Recoura, Oompt. read., 1892, 114 , 477, 

Trauho, Amiakn, 1848,66,93; liltawl, he. cit. ; Mitsoherhoh, J. l>ralt. 0 
477. 


0Um„ 1861, 83, 


MuHHiti--PviHclun, CVf’Z/- .s‘ 1^01, 2, 267. -iaao q, that the reduction 

C~i" ~ air. .. .l.h.r te a— « 

1829, 16,21.6; 802. See also Stiassny, Dingl. 

SSrS. Pm. 1®*, 

toe.’ lx? and Joule h ife! 

1.8.56; ka?..’l885, [5], 20,162, 

» 'S,.';::;,^lr:T8H2, X5:’S ;■ 1884, 17 . 408. 0/. Dewar, too. cit 

10 (h’imikowHky, he. ciL 

11 TiUUui, Tm/u. Ghem. Soc., 1884, 45, 4;UJ. 

1 ”- (lladsfcono, tor. cit ; Gore Pofffir. 40 453 

w liVn-ert) anil N(>'/.ari, a 4 to it 4 tcca<*. 1888 2 545 -’ \.esooeur and Mathurin, 
n Miillor-Kr/.bat-.h, Zeiheh. physxkal.Olmn., 1888 2, o 4 o ue 

Bull. Hoc. chin,.., 1888, [2] 5°. 35 ! ^ 

1^’ Lowel, Ann^ Chim. Fhys., 18o5, [3], 44, 3zu. 

Locske, rimer. 00. nemez C^om-pi. rend, 1874, 79, 1332 : 
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changes to green, the change being attended by increase of volume^ 
and vice versa, irrespectively of concentration. The change appears to 
be due to hydrolysis, and the resulting basie chromic salts polymerise 
when the solution is heated, and, more slowly, even on standing.^ The 
addition of alkali carbonate causes liberation of carbon dioxide due to 
the sulphuric acid formed, and precipitation occurs owing to coagula- 
tion of colloidal chromic hydroxide or of the polymerised basic salts. 
The amount of carbonate necessary to produee a permanent precipitate 
varies considerably with the age of the chrome-alum solution and with 
its method of preparation.^ 

Crystalline rubidium chromium alum has been described.^ 

\\ith ammonium sulphate, ehromic sulphate forms the double salts, 
3(NH4)2S04.Cr2(S04)3 and (NH4)2S04.Cr2(S04)3, besides the alum, 
(NH4)2S04.Cr2(S04)3.24H20. The former are obtained ^ on fusing 
oxides or certain other compounds of chromium with ammonium sul- 
phate. The compound 3(NH4)2S04.Cr2(S04)3 forms green needles 
slightly attacked by water ; the salt, (NH4)2S04.Cr2(S6j3, identical 
with anhydrous ammonium chrome alum, forms hexagonal crystals. 

Ammonium Chromiuni Alum, (NH4)2S04.Cr2(S04)3.24H20, 
crystallises from a suitable mixture of solutions of its component salts 
in efflorescent octahedra of density 1 - 73,8 melting at 100° C. with loss 
of ISHaO. 

^Ammonium chromium alum is soluble in water to the extent, at 
25 ° C., of 21-21 grams of the hydrated salt in 100 c.c. of water,'? yielding 
a bluish-violet solution which becomes green at 70 ° to 80 ° C.® A study 
of the equilibria existing in such a solution makes it appear that the 
change from the violet to the green modification does not take place 
at all at 0° C., but that at 40 ° C. the solution contains about 40 per 
cent, of the green alum.® 

Chromium Alum, (NHa 0 H),H,S 04 .Cr.,(S 04 ).,. 
24H2O, is stated to exist. - 4 .v ah 


Hydrazine Chromium Alum, (N2H4)2H2S04.Cr2(S04)3.24H,0, 
forms violet octahedral crystals, soluble in water. 

Compounds of the green chromium sulphate with chromic acid have 

hW.SsO.);]; H.[(C,0,)„C,(SO.)J, and 

Sulphochromic Acid, Cr2O3.4SO3.3H2O, and certain of its salts, 


1 MoLr, Ber., 1871, 4 , 318. 

2 Meunier, J. 80c. Leather Trades Chem,, 1921 5 103 

fioln'f work on clirome-alum 
solutions see de Boisbaudran, he. cit. ; Compt. rend., 1874, 70 , 1491 • van CleefF he cit • 

7 P], 17, 25 ; Recoura, ibid., 1891, [3] 

1877 ^2 19 a 1S94, 53, 2, 221 ; Klocke, Zeitsch. Kryst. MM., 

ComJmnd' Schumann, Annalen, 1877, 187 , 307; Jean, 

1869, 68, 198; Lumiere and Seyewitz, ^oc. c/wm., 1902 [31 27 1073 

Locke, Amer. Chem. J., 1901, 26 , 174 
» ItppJ 190®’ 39. 3738. 

Meyermgh, Ber., 1877, lo, 1946. 

Sommer, Zeitsch. anorg. Chem., 1916, ga. 70 
Recoura, he. cit, ■ • ’ 
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Chromic Selenide, CrgSCg. — This compound is producc'd ns a 
maroon-coloured amorphous powder by heating' the s(\s(juioxid(' in 
selenium vapour and hydrogen or nitrogen ; ^ by tiui action of* hydrogcui 
selenide upon chromic chloride, it is obtained in the cr\\slallin(‘ con- 
dition. The double selenide of potassium and cliromium, is 

prepared as dark green hexagonal crystals, whicli are naulily soluble in 
nitric acid but insoluble in hydrochloric acid, by lu'ating to r(‘dn(‘ss a, 
mixture of potassium cyanide, selenium, and chromic oxid(‘.‘*^ 

Chromic Selenite, CrgOg.SSeOa, is precipitated as a |)alc^ gre^m 
substance, insoluble in water, when potassium selenite is addiHl l,o a 
boiling solution of chromic chloride. If the latter eoniain cxcchh of 
hydrochloric acid, the sparingly soluble diselenite, Cr 20 ;j.()Se()o, is also 
formed.^ 

Chromic Selenate itself has not been isolated, but doul)le salts 
(which are alums) of the type Cr2(Se04).j.R,'2Se()4.24ll20 arc known,'* 
as well as those of the type ® Cr2(Se04)3.R‘2S()4.2 IITo0." 


The existence of both chromic tellurite and chromic tellurate 
finds mention, but the study of these compounds is most sniMa-licial. 

Chromotellurates, 2R-20.4Cr03.Te0,j, of sodium, potassinm, 
and ammonium, have been prepared ® by spontancious cviiporation of 
an aqueous solution containing the corresponding dichronnili' ( I mole- 
cule), chromium trioxide (2 molecules), and telluric acid (1 molecule). 

Chromic Chromate, or chromium dioxide, CrO.„ lias already been 
dealt with (p. 39). 

Amrnonium and potassium chromimolybdates, salts of chromi- 
molybdic acid, Cr203.12Mo03.28H20, have licen prepared’ (see also 
p. 142). 

Chromic Tungstates, see p. 217. 

Chromic Borotungstate,® 2Cr20.,.3(W0.,.B..0.,).6H,.0 | 68aq, 
and tungsten chromite, Cr203.5W03,*> have been deserilied. 


Cheomium and Niteogen. 

Chromium Nitrides. — The absorption of nitrogen by (iiu‘Iy divided 
chromium begins at 800° to 820° C. ; the metal doi^s'iiot: inell. ; the 
product, which is distinctly magnetic, contains 8 jier ee-nt. of nitrogen.'*' 
On heating to 850° C. in ammonia, chromium yields a dull black iiUride, 
Lr3N2, containing small quantities of unchanged (^hroinimn." 

A nitride of chromium, CrN, is formed when the; violet sesiinioxidi! is 
heated in a current of dry ammonia,*" when cliromic and ammonium 


J Moissan, Oonipt. rend., 1880, 90, 817. 

2 Milbauer, Zeitsck anorg. Clmn,., 1904, 42, 450. 

^ Taquet, Com.pt. rend., 1883, 97, 1435, 

nJ rend., 1887, 105 . IM ; l>ct.|.i.rNN(m. 

i’ n3 n , ° Oeriotlcu. .■inmdn,. 1 87:i, 168 . 

7 rend., 1911, 152 , 1587 ; Bull. Boc. chim., 191 1, l-ri, 9 , .58;! 

s ’ b “f ^9. 692 ; Struve, J. jmd-l. Vl'n,i. 18,71, 61 , 449. 

9 9i. 416 ; Ann. Ohim. Bhys., 188:!, |r>], 28 , .•! 5 (), 4;!2 

» Smith, J. Amer. Ghm. Soc., 1893, 15 , 151. ' ’ ’ 

190°7 ®i^?916 40 , 457. See du Jassonnoi.v, Coni^d. rend. , 

^ » Biiegleb and Geuther, Annalen, 1862, 123, 239. ^ 

Henderson and Galletly, J. Soc. Ghem. Ind., 1908, 27, 387 • Baiir and Voornifin 
ZeitscJi. physikal. 0he7n., 1905, ^ 2 , 4:Q7. » /» - » ^ < vii ana \ oennan, 

Sclirotter, Annalen, 1841, 37 , 148 ; Ufer, ibid., 1869, 112 , 281. 
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c‘hlori(k‘s a,rc^ luxated together in hydrogeud or wlieii chromium amalgam 
is distilhui in nitrogen,.- On heating the nitride in hydrogen no reduc- 
tion is observcal ; tlie brown insoluble powder, on heating in air, 
burns to nitrogtai and ehromic oxide, and on heating in ammonia is 
said to yit‘ld tlu^ nitride Cr.jN. 

Chromium Azide, Gr(Nij);j, is obtained as a dark green amorphous 
nuiss by |)rolonged treatment of a solution of crystallised chroniium 
nitrate' in absolute alcohol with anhydrous sodium sulphate, and 
(U'aporation of the hltered liquid witli the requisite quantity of sodium 
azide in a va.euum."» The azide is very hygroscopic, and if its alcoholic 
solution is not thoroughly dry, partial hydrolysis occurs, basic azides 
or e.omposition Ct‘(011 )(N;i)2 and Cr^OlIdoiN^ being formed. A double 
conq)ound with sodium, Cr(,N.j).j.;3NaN;j, lias becm obtained in the form 
ol‘ green erysUils. 

Chromic Nitrate, Cr(NOa);,. 911^0, obtuiiicd by warming nitric 
acid with I'xeess ol ehromic liydroxidt' (this giving a basic salt) and 
crystallising al ter llu' addition ol a sullieient excess ot nitric acid, lorms 
purple rliombie. prisms, melting at ilO-ii" C. and soluble in alcohol. Ihc 
salt deeomposi's at. 100" C.'* 

Mon- recent investigations ’’ have shown that when strongly licated 
chromie oxide (which, eoatrary to (s>mmon statements, is not entirely 
insoluble in acids) is dissolved in liot concentrated nitric acid ol density 
1-1, the hydrate Cr„(N().,),..lflUaO cry.stallises on cooling. The dark 
brown crystals are prismatic : 

a : 1) : c 1-4250 : 1 : 1-1158 ; /i =98“ 10'. 

In <toid.a(-t with dry air water is lost, ihc residue having the composi- 
tion ('.ro(NO;,)|,.9U./).'' Violent (-rystals of tlu; hydrate with ISlIaO, 
nu-lting'nl. l(io" ('..“liavt- lua-n i)n-pared.” 

Two IxiNir. nUratfs, t’r(N();,)i.()n and Cr(NO;,)(01l)a, are known as 
green amorphous sul)sianees. 

The- ohloronitrates, t:r(N();,).Cl iuid t'.r(N();,)Cl 2 , have been prepared, 
togetlu-r with the sulphatonitrate, Cr(NO;,)S() 4 .‘^ 


CUUOMUIM AND I'lIOSl-UORUS. 


Chroniou.s Phosphide or Chromium Monophosphide, GrP, 
can h<- ohlaim-d by lu-.-iling chromic chloride- <-itlie-r with phosplu)rus in 
pre-se-ue-e- e)l' hvelre)gn-n or itv gase-ous hyeiroge-n phosphide!;'* by heat- 
ing a, mixture! of iim-ly eliviele-d e-hromium aiiel e-e>i)pe-r phosphide! in the 
e-le-e-trie Iiiniae-<-, the- eeippc-r being remove!d I'rom tlu! pre)dm!t by treat- 


> I Jliflauli, \\i'hiuduiuii\n, nniijv.r MMk mdt Uiiitiiigiin, 1B51). 

« Hull. Sor. c/n)fL, HH)2, 13J, 25 , (JIB ; (Umtz, ibid., 1902, |:$J, 27, 1,190 ; (Jom,pt. 

nmL, 1902, 135. 73eS. 

I?a.ur and Vcn-nnaii, lot', nt. 

IJhrlaub, lor, rit. ; Baiir, lirr.^ 1901, 34> 

< llivcri-MaiidaliX and (lomolla, (hizztiUt^ 1922, b, 112. 

*M)nhvay, -Uaw-T. ./. 1850, 12], 9 , 30. 

? J()vits(tliit.4o,h, Momikk, 1909, $0, 47; 1912, 33 , 9; iialst.?, (Jhmi. AaL, 1912, 
36, 9(52. 

^ dcvilHchilHch, lor. rit. ^ balnr, lor, rd. 

Onhvay, lor. rJl. ; ScluiT, Annalm, 1862, 124 , 170 ; ibuL, IH(53, X 26 , 99. 

Schiir, loc, cit. , , . oe. 

(JraiigiM’. (Jonipl. rrfitl.y 1897, X241 190 ; Atm, Ohink I*hyi^,p 1B9B, [/J, I4> 

1’* Rose, Porjij. AniuUen, 1832, 24, 333. 
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ment with nitric acid ; ^ or by the reduction of chromic phosphate by 
strongly heating with charcoal. It is a grey crystalline solid, having 
the appearance of graphite ; density 5*71. ^ It is unaffected by ordinary 
acids, but will dissolve in a mixture of nitric and hydrofluoric acids. 
When heated in air it oxidises slowly. Chlorine attacks it with incan- 
descence. It is decomposed by fused caustic potash, hydrogen being 
evolved and potassium chromate formed. 

Chromium Sesquiphosphide, has been prepared ^ by 

heating finely divided chromium with an excess of red phosphorus 
at 700“ C. in a sealed exhausted tube. It is a grey powder, insoluble 
in acids. On heating at 440° C. in a current of hydrogen, the mono- 
phosphide is formed. 

Chromic Hypophosphite, Cr(H2P02)3.2H20, is obtained ^ by 
evaporating down on a water-bath a solution of freshly precipitated 
chromic hydroxide in hypophosphorous acid, washing the green mass 
obtained with water and drying over sulphuric acid. A basic hypo- 
phosphite, 2Cr(0H)(H2p02)2-3H20, is obtained as a dark green amor- 
phous fissured mass by the reaction of barium hyiDophosphite with 
chromic sulphate and evaporation of the filtrate.^ When heated to 
200° C. it gives off w^ater, and is then insoluble in water and in dilute 
acids. 

Chromium Phosphite ^ is precipitated from aqueous chromic 
chloride by the addition of an alkali phosphite, heat being necessary 
for complete precipitation ; it is partly separated when phosphorus 
trichloride, dissolved in water and neutralised with ammonia, is added 
to chromic chloride, the phosphite remaining in solution givino’ a oreen 
colour to the liquid. When dry, it is a loose grey powder, dec^omposed 
by heat with liberation of pure hydrogen. 

Chromous Orthophosphate, Cr 3 (PO,) 2 .H, 0 , is the abundant 
blue gelatinous precipitate obtained when ordinary sodium phosphate 
IS added to chromous chloride solution. It is readily soluble in acids 
and on exposure to air rapidly changes to the green chromic salt.® It 
does not form double salts with ammonium phosphate.'^ 

Chromic Orthophosphates . — Violet chromic phosphate, CrPOj. 
eHgO, is produced as a lavender amorphous precipitate when cold 
solutions ot equal weights of chrome alum and ordinary sodium phos- 
phate are mixed : « r i vo 


K2S0,.Cri,(S0j3-f2Na3HP0,-M2H30=2(CrP0^.6H30)+K3S0, 

+2Na3S04+H3S0,. 

If the precipitate is allowed to remain for a day or two in contact with 
the solution, it becomes dark violet and crystalline ; it may then be 
washed by decantation and dried in the air. The product is slightly 
soluble in water ; readily soluble in sulphuric and hydrochloric acids ; 

^ Maronneau, Com^pt. rend,, 1900, 130 , 656. 

^ Dieckmann and Hanf, Zeitsch. anorg. Ghem,, 1914 86 291 
3 Mawrow and Zonew, ibid., 1916, 93 , 311. ’ ’ 

^ Wurtz, Ann. CUm. Phys., 1846, [3], 16 ,’ 196. 

Rose, Pogg. Annalen, 1827, 9 , 40. 

® Moberg, J. prakt. Ohem., 1848, 44 , 322. 

7 Moissan, Ann. Chirn. Phys., 1882, [ 5 ], 25 , 415. 

® Joseph and Rae, Trans. Ohem. 80 c., 1917, iii 196 Roa t t 

1905, 43 , 304 ; Dowling and Plunkett, Chem. Gazette, 1858, p .^220 • Ranimc^RhAw* 

• Pogg, Annalen, 1846, 68 , 383 ; Vauquelin, Ann, Ghim,, 1809, [ 1 ], 70 ,* 70. * ^ 



CHROMIUM AND ITS CONGHNERS. 

riie relations between the various chromic orthophosphates may be 
indicated diagrammatically as follows : ^ 


Amorphous violet 
hexahydrate. 
(Precipitated cold.) 


Two days in 
contact with 
solution. 


Crystalline violet 
hexahydrate, * 


Boil with 
water. 


Crystalline green 

tetrahydrate. 


Long standing in 
contact with 
solution. 
(Incomplete.) 


Boil with 
acetic anhydride. 



Amorphous green 
tetrahydrate. 
(Precipitated hot.) 


Low red 
heat. 


Brown 

anhydrous 

phosphate. 


Crystalline green 

dihydrate. 


Black 

anhydrous 
phosphate. 

Strong 
heat. 

Green basic phosphate. 

excess to a solution of rhmmn pnospnate is added in large 

but not too stroncrlv acid. If thp 'If .^^ntaming hydrochloric acid, 

2 Trans, Ohem. Soc., 1917 m iqr 

Haushofer, Zettsch. Kryst. Min., 1882, 7, 263 ' ^ 

^ Vauquelm, Am GUm., 1809, [1], 70, 70 
Cohen, J. Amer. Chem, Soc,, 190^ 29, II94, 
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phate, Na2HP0,.2CrP04.5Ha0, is precipitated under certain conditions ^ 
when solutions of chromium salts are boiled with sodium phosphate 
and acetic acid [cf. p. 87 ), but on repeatedly washing the precipitate 
with water a basic salt is formed. 

Ghromous Metaphosphate, Cr(P 03 ) 2 . — Attempts to produce this 
compound by the action of fused metaphosphoric acid on chromium or 
on chromous salts have not been successful,^ although the method 
succeeds for the ferrous analogue.® 

Chromic Metaphosphate, Gr 203 . 3 P 205 or Gr(P 03 ) 3 , is pre- 
pared by evaporating a solution of chromium hydroxide in excess of 
aqueous orthophosphoric acid, and heating the residue for some hours 
at about 300 ° C. ; ^ or by fusion of chromium sesquioxide with meta- 
phosphoric acid ; ^ or by heating the sulphate with metaphosphoric 
acid.® When prepared by the first method it is freed from phosphoric 
acid by boiling with water, and then dried. It is a fine green powder, 
yielding orthorhombic crystals isomorphous with the metaphosphates 
of iron, aluminium, and uranium.® It is insoluble In water and acids. 
On heating it turns brown, but regains its green colour on cooling. 
The dry metaphosphate has a density of 2*9 ; ^ its molecular volume 
is 195 . 

Chromic Pyrophosphate, 2 Gr 203 . 3 P 205 or Gr 4 (P 207 ) 3 , is 

obtained when sodium pyrophosphate is added to a boiling solution 
of chrome alum,® or when fused sodium metaphosphate is saturated 
with chromium sesquioxide at a high temperature.® It yields small, 
pale green, transparent, rhomboclinic prisms, of density 3-2 at 20° C. 
it is insoluble in ordinary acids, but will dissolve in water acidified with 
sulphuric acid, from which solution it is deposited in an amorphous 
form on boiling ; it is soluble in solutions of sodium pyrophosphate in 
strong mineral acids, and in a solution of caustic potash. It is not 
altered by ammonium sulphide.^® On heating to 100° C. its colour 
deepens, but on ignition it turns a paler green.® Double salts with 
potassium and sodium have been obtained. 

Complex Pyrophosphates, containing chromium in the negative 
radicle, have been prepared.^® They may be considered as salts ^ of 
chromi-pyrophosphoric acid, H(CrP267), and are obtained by dropping 
a solution of chromium sesquioxide in cold concentrated hydrochloric 
acid into saturated solutions of alkali pyrophosphates. 

Ammonium Chromi-pyrophosphate, NH 4 (CrP 207 ). 6 H 20 , 
yields grey microscopic columns. 

Potassium Chromi-pyrophosphate, K(GrP 207 ). 5 H 20 , is pale 

green. 


^ Cohen, loc. cit. 

® Colani, Oompt. rend., 1914, 158 , 794. 

^ Ludert, Zeitsch. anorg. Chem., 1894, 5> 37. See this series, Vol. IX., Part II., 
p. 187. 

^ Maddrell, Mem. Ghem. Soc., 1845-1847, 3 , 273. 

^ Hautefeuille and Margottet, Oompt. rend., 1883, 96 , 849. 

® Johnson, Ber., 1889, 22 , 978. 

Joseph and Pae, Trans. Chem. Soc., 1917, in, 196, give 2*93; Johnson, loc. cit,, 
gives 2*974. 

® Sohwarzenberg, Annalen, 1848, 65 , 2, 149. 

^ Ouvrard, Ann. CMm. Phys., 1889, [ 6 ], 16 , 289. 

Persoz, Annalen, 1848, 65 , 170. 

Walroth, Ber., 1883, 16 , 3059 ; Ouvrard, loc. cit. ; Persoz, loc. cit. 

Rosenheim and Triantaphyllides, Ber., 1915, 48 , 582. 
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Sodium Chromi-pyrophosphate, Na(GrP207).8H20, is grey, but 
on standing a few days changes to the pale green pentahydrate. 

Other complex phosphates have been described A Plessy’s CJwoine 
Green is a green pigment prepared by adding calcium phosphate to 
potassium dichromate and treating the mixture with sugar. It is 
probably not a definite compound, but a mixture of the phosphates of 
chromium, calcium, and potassium with chromium oxide and water.^ 
Complex salts have been prepared ^ by the condensation of alkali phos- 
phates with chromates and dichromates. For example, the anvmonium 
compound, 3(NH4)20.P205.8Cr03.H20, has been prepared by crystallisa- 
tion from a solution containing molecular proportions of ammonium 
dichromate and phosphorus pentoxide, or of ammonium dihydrogen 
phosphate and chromium trioxide. A good yield of deep red crystals 
was obtained. The potassium compound, 2K2O.P2O5.4CrO3.II2O, was 
obtanied by the evaporation of a solution containing molecular pro- 
portions of potassium dichromate and phosphorus pentoxide, but in 
this case some crystals of potassium dichromate were first formed. 

Chromous^ Thiophosphite, Cr3(PS3)2, is prepared ^ by heating 
metallic chromium with a mixture of sulphur and red phosphorus to a 
cherry-red heat in a closed vessel for twenty hours. It yields black, 
hexagonal, microscopic crystals, possessing metallic lustre. 

Chromous Thiopyrophosphite, Cr^PaS,, called by Ferrand a 
timhypophosphate, has been obtained by heating the metal with sul- 
phur and red phosphorus as in the preparation of the preceding salt, 
the proportions of the elements being varied, and the heating continued 
for twenty-four hours. It crystallises in lustrous, black, hexagonal 
lamellae, which are insoluble in nitric acid and only slightly soluble in 
aqua regia. 

Chromous Thiopyrophosphate, Cr^P^S^, is obtained ^ as minute, 
black, hexagonal lamellte by the same method as the two preceding 
salts. It is very resistant to the action of nitric acid or aqua regia! 
but IS decomposed by water or moist air. 

Suitable mixtures for the above preparations are as follows : 



Cr. 

S. 

P. 

Cv,{FS,), . 

1-56 

1-92 

0-62 

CrjP 2Sg 

208 

3-84 

1-24 

Cr^P^S, . 

104 

2-24 

0*62 


Double Compounds with the Halides of Phosphorus.— When 
chromic chloride or chromyl chloride is heated with excess of phos- 
phorus pentachloride in a sealed tube, a violet crystalline compound 
having the composition PClg.CrCla, results.® ^ ’ 


2 1. 201 ; Hessy, Dingl. pohj. J., 1863, 167 , 397. 

2 Kothe, TjoZy. 1874, 214 , 39. 

^ Friedheim, Zeitsch. anorg. Ohem., 1894, 6 , 273 

: iS; '5 tIV “■ 
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Micliac'lis ^ noliced that when small quantities of chromyl chloride 
and pliospliorus trichloride were brought together, a vigorous reaction 
occurred ac*coin[)ajucd by a hissing noise and evolution of light (see 
p. 21 ). lie rc|)rcsented tlie change by the following equation : 

4Cr(),CU h 0PC4 = 4 CrCl 3 + PCI 5 + 3 POCI 3 +l\0,. 

On heating polassiiuu dichromate with phosphorus trichloride in a sealed 
tube at IOC) ' C. the following reaction occurred: 

30K2Ci%P, + 42FCl3=18CrO3.KC1.15PO3K.+42CrO2+27KCl+27POCl3* 

The action of the phosphorus halides on chromyl chloride has been 
studied more recently by Pry and Donnelly,® who worked with iron- 
acpieous solvents. The e.xplosive nature of the reactions was moderated 
by briniriufi' the sul)stanees together in solutions of 0-2 molecular coi> 
eentration in anhydrt)us carbon tetrachloride. With phosphorus tri- 
chloride and tribrcmiide, solid double compounds were produeed aceord- 
ing to the ecpiations : 

2Cr()..Cl., -I- .‘JPCf, = 2 (CrOCl.POCl 3 ) d-PCls ; 

2 CrC);Ci:, - [- llPBr^ ==2(CrOCi.POBr3) +PBr 3 Cl 2 . 

The doul)l(' com])ouuds arc extremely deliquescent, and react with 
water, with develojnncnt of heat, according to the equation : 

Cr0Cl.P0Cl3+2H30=CrCl3-t-HCl-hIl3P04. 

On ignitioi^, the compounds CrOCl (or Cr 203 .CrCl 3 ) and CrOBi (or 
Cr 2 ().r.t'rBr.,) are produeed. 

('.hromyl chloride and phosphorus pentachloride, under the same 
conditions, yield an additive compound, CrOgCla.PaOg, as a yellowish- 
red iiowtler,' which is easily decomposed by water. , . , , . , 

With |)hosplior>is pentabrornidc a substance is obtained whicii 
anDcars to be a mixture of the compounds CrOCl.POBra and CrOgCl^. 
PBrr. This is probably due to the fact that phosphorus pentabromide 
is partly dissoeiatetl to tribromide in carbon tetrachloride solution. 

With phosphorus di-iodide a brown additive compound, UO 2 U 2 .I. iz, 
is obtained. It is rc-adily decomposed by water, giving free iodine and 
a solul.ioti containing chromic, phosphate, chloride, and iodide ^^ns. 

Phosphorus tri-iodidc under similar conditions gives the additive 
compound t’rO.^Cla.PJz, wluch is a purplish-red powder when dry. It 
is decomposed by water, thus : 

2Cr02Cl2.Pl3-l-4.H20=4HCl-h4HI+2CrP04-fl2. 


Chromium and Arsenic. 

Chromous Arsenide, CrAs, has been obtained ^ by heating the 
sesqui-arsenide in hydrogen at 480° to 500 C. Its density at 16 C. is 

pr.parrf. by heating 

finely divided chromium with excess of arsenic at 700 C. m a seded 
exhausted tube, the product being powdered and again heated. The 

. Mi.luu.lis, Jnutuche ZeiUck,Wl. 7, 

^ tW awl Douaclly, J. A^ner. Ohem. 4°> 

“ Di'cekmauu aud Haiif, Zeitsdi. anorg. Ohem., 1914, 86, 291. 
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ing in hydrogen at ^400° but”abov^tr^ prolonged heat- 

and passes to the monoar'senide temperature it loses arsenic 

powder, of density T 2 at ooo r nf ^^^q^i-^^senide is a grey 

Chromic Arienitf Cr A;n “®°i«ble m acids, 

when a concentrated solution of^nurT^tf^^* powder 

time with a saturated sduSS! adlf"" " 

tate whr^^otasS^seiS^^fs^dded^t™^^^ apple-green precipi- 
^ Double arsenatel^oi Z^ZTifthfC '^^r ^ chromic salt.' 

described. When nietals have been 

potassium chromate ^the iLuid^h'^''^ added to a solution of 

a tremulous jelly, which whm drie^a^lOiTC^'vrfOd to 

empirical formula is 4lv O SCr O «i 4 n ^ substance whose 

K3Cr,(AsOJ3 an^Na^Cr iisO The double arsenates, 

of chromium sesquioxide to the P^opared ^ by the addition 

lisatio,, is acceletated bv U.e^dS Crystal- 

pounds yield green trans'uarent er.yS. chloride. Both com- 

salt more than 7, and of^he sodimn ^ potassium 

sesquioxide must be emploved or n nvr,^ * 

Chromium Pyroarsenate 

small quantity of chromium ses’fiinAt^-ri*^-^r ®’ produced when a 
with sodium or potassium meta-arsenate temperature 

prisms, sometimes elonoated someth ffl i y^f^^^g’^een transparent 
tions ; insoluble in dUute acids " flattened, with oblique extinc- 

hav^tte thioarseaat. 

arsenate^abd*^oraie*o^de'^r molecular proportions of alkali 

or dichromate, to crystallise 

obtained = 5 ’ ^^yatallise, the following coinplex salts have been 

2K2O.As2O5.4CrO3.H2O ; 
2(NH4)20.As205.4Cr03.HoO ; 
3(NH,)20.As20;8Cr03.H20. 

chlOTMe!”&Sba ITsh' ST““ b Metautimoni- 

liygroscopic needleT'by “h?’ So^'of ‘ “ 8"y™lo‘. fat, 

chromic chloride. The^alt mav he pentachloride on 

seheme as follows : ^ formulated ^ according to Werner’s 

[SbCl5]3[Cr(0H2)e].7H20. 

tam?dX“feaSl°d“ Fe“e‘’”u; CrSbCl .10B.O. waa ob. 

but Pfeiffer obtained it as dark arep^ 1 hygroscopic plates, 

not a derivative of tbe‘„?fbotL^'S:? .11,“ ™ 

[SbCl5][Cr(0H2)4Cl2].6H20. 

3 SchweitzM, J. praht. Ohem., 1846, 30 267 
1 ^tovre, Oompt. rend., 1890, in, 36^ ’ 

s de Ohimie, 1831, 4, 509, 

e ““orjr. Ohem., 1894, 6, 273 

, S and Feige, Ber., 1903, 36, 244 

Pfeiffer, ZeiUch. emorg. Ohem., 1903, 36 349 
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Chromium and Carbon. 

Carbides.— That a carbide may be produced duriii^^ the reduction 
of cliromic oxide by carbon, especially if excess of the' latter be used, 
was first suspc(‘ted by Deville. In the reduction of an oxide of ruthenium 
containiujL*' oxide of chromium in a carbon crucible, beautiful glittering 
crystals were obtained.^ 

Tetrachromium Carbide, Chromium Subcarbide, Cr4C. — In 

the preparation of chromium in the electric furnace, Moissan sometimes 
saw large mcta,lli(*, ingots covered with reddish-brown needles, often 
1 to 2 cm. long, and of density 6-75. Similar glittering needles were 
also met with in the geodes which formed in the middle of the melt of 
(*hromium. Moissan attributed to them tlie formula Cr^jC, but this has 
not l)ecn conhrined.- 

Pentachromium Dicarbide, Cr^CQ, can be prepared in quantity ^ 
by melting a mixture of cliromium and a finely powdered chromium- 
carbon alloy containing 11 -lG per cent, of carbon in a magnesia crucible 
at ISOO ’ to 1850® C. After repeatedly waslving the product with 2 N 
hydro(‘hloric acid until no more chromium dissolves, the carbide, CrgCg, 
is obta,ined practically pure. It forms silvery crystals, of density 6*915 
at 24*8® Ct It is not attacked by aqua regia, and melts without appreci- 
able decomposition at 1665® C. 

Tetrachromium Dicarbide, Cr4G2.”™~By melting chromium at 
tcm])eratures above 1840® C. for fifteen minutes in a crucible of pure 
ca,rl)on, frequently stirring with a carbon rod, alloys saturated with 
carbon arc obtained. These contain no free cliromium, but only carbide 
and gTa,})hitc. On washing with hot 24 per cent, hydrochloric acid part 
of the alloy dissolves, and tlie ratio of cliromium to carbon dissolving 
indicates tliat the solulile carbide has tlie composition € 1402 , but the 
existemee of this lias not been confirmed by isolation. 

The residue, insoluble in the hot acid, contains graphite and tri- 
chromiiim dicarbide, Cr^Cg, which, by extraction of graphite, can be 
obtained from 99 to 99*5 per cent. pure. Moissan ^ obtained this car- 
bide during the reduction of chromic oxide by carbon in the electric 
furna.cxi ; also by heating metallic chromium with a large excess of 
carbon in the crucible of an electric furnace for ten to fifteen minutes, 
using a current of 350 amperes under 70 volts ; and by heating ^ a 
mixture of equal parts of chromic oxide and calcium carbide in the 
electric arc for five minutes, using 900 amperes under 45 volts. It is 
obtained as lustrous lamella;, unctuous, darker in colour than the penta- 
eliromium carbide. It is resistant to all acids ; fused potassium 
hydroxide has little action upon it, but it is easily destroyed by fused 
potassium nitrate. Its density at 21*3® C. is 6*683,^ and it is hard 
enough to scratch quartz and topaz. It does not attack water either 
at ordinary temperatures or at the boiling-point. It is stable at high 
teni))eratures, but it appears to undergo partial decomposition into 
the tetrachromium dicarbide, Cr 4 C 2 , and carbon on melting at about 
1890 ± 10 ® C., the molten carbide readily reducing magnesia, alumina 

1 Deville and Debray, Ann. GMm. Phys., 1859, [3], 56 , 408. 

2 Ruil and Doebr, Zeitsch. anorg. Ghem., 1918 104 , 27. 

Moissan, Gompt. rend., 1894, 119 , 185. 

^ Moissan, ibid., 1897, 125 , 841. 

'' Ruff and Poelir, loc. cit. ; Moissan gives a density of 6*62. 
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and zirconia. It is decomposed by chlorine at a red heat, forming 
chromic chloride and amorphous carbon. 

Chromium Tungsten Carbide, SCrjC^.W^C, is formed ^ by heat- 
ing a mi.xture of chromic oxide, tungstic acid, and carbon in a carbon 
ci ucibie in the electric furnace for five minutes with a eurrcnt of 400 
amperes under 75 volts, and treating the product with warm hydro- 
chloric acid, and then with concentrated ammonia solution ,■ or by. 
heating a mixture of chromium, tungsten, carbon, and copper in ‘a 
carbon crucible, and dissolving the copper from the product by washiim' 
with mtnc acid The double carbide is obtained in small, harl crystab 
line grams, of density 8-41 at 22 ° C. ; it is not magnetic. It is attacked 
bv chlorine at 400 C. ; bromine acts only slowly at 500° C., while iodine 
at that temperature does not affect it. When heated in air it does not 
by acids : fused potassium hydroxide or alkali 
rinirO * 4 ^ only slowly ; fused alkali nitrates or potassium chlorate 
rapidly decompose It, giving a mixture of chromate and tiincxstate 

‘""***“ 

ciniSrh^the ^ 93 ’ is obtained as a grey amorphous pre- 

saft^ ' carbonate on a solution of a chromous 

salt. It is soluble in water charged with carbon dioxide. When heated 

rseSfof ^ slq^oS 

n series ot double carbonates has been prepared bv fletinff r.n 
chromous acetate, or tartrate, with alkali carbonate “ ^ ^ 

Ammonium Chromous Carbonate, (NH ^ CO Crpn tj r\ 

salt is an energetic mduSr It SadLlT^ hydrogen. The 

air, giving blue chromic hydroxide ■^heatedTtlm°v'‘ .exposure to 

It yields green chromium sesqubxide It 1 attnck. 1 u “\bydrogen 

obS a:tsSi 

. Kddis" 

in . current of'a d^ S ™ XX " >““"3 «t lOO" c! 
obtained. ^ monohydrate, Na 2 CO 3 .CrCO 3 .H 2 O, is 

Mot,,,. 

3£ s 
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A red-brown magnesium compound has also been obtained. The 
carbonates of the alkaline earth metals have no action on chromous 
acetate. 

Chromic Carbonates. — ^When a slight excess of an alkali car- 
bonate is added to a solution of a chromic salt, a light greenish-blue 
precipitate falls, soluble, when freshly formed, in excess of the alkali 
carbonate or of borax. ^ The composition of the precipitate appears 
to vary with the conditions, the following compounds having been in- 
dicated : 4Cr2O3.CO2.H2O; 2 2Cr2O3.CO2.6H2O; 3 lOCr2O3.7CO2.8H2O ; 4 
Cr2O3.CO2.4H2O ; ^ Cr203.2C02.® According to Lefort, the addition of 
an alkali carbonate to a solution of a green chromic salt precipitates 
chromic hydroxide, the carbonate only being deposited when violet 
salts are used ; Parkmann maintains that both give the carbonate. 
The compound, Cr 2 O 3 .CO 2 . 4 H 2 O, when heated to about 75° C., loses 3 
molecules of water, but the remaining molecule and carbon dioxide are 
only driven off at 300° C."^ 

When pure chromic hydroxide is exposed to the air, it absorbs 
carbon dioxide until the saturation limit is reached. Analysis of the 
compound obtained points to the formula [Cr2(0H)5]2C03.8H20,® It 
can be dried at 100° C. without loss of COg, which, however, is liberated 
by acids. 

Chromium Thiocarbonate. — When calcium thiocarbonate is 
added to a solution of a chromic salt, a grey-green precipitate resem- 
bling chromic hydroxide is produced, which on distillation yields carbon 
disulphide and a brown residue of chromium sesquisulphide, Cr2S3, 
which burns vividly in air, forming chromium sesquioxide. 


Chromium and Cyanogen. 

Chromous Cyanide, Cr(CN)2, is obtained as a white precipitate 
when aqueous potassium cyanide is added to a solution of chromous 
chloride.^ It is insoluble in excess of potassium cyanide, and is quickly 
oxidised in air to chromic cyanide and sesquioxide. It forms a series 
of double salts with metallic cyanides (see below). 

Chromic Cyanide, Cr(CN)3, is formed when a solution of potassium 
cyanide is added in excess to a neutral solution of chromic chloride 
and the mixture brought to boiling. It appears as a light greenish-blue 
precipitate, insoluble in excess of potassium cyanide. A similar reaction 
occurs with a solution of chrome alum, except that the mixture immedi- 
ately turns green. The precipitate can be dried, in absence of air, 
without decomposition, as, for example, by heating in a stream of 
hydrogen at 200° C. It dissolves in boiling hydrochloric acid, giving a 
green solution, from which it is again precipitated by ammonia. Hot 

^ Hebberling, Ohem. Zmtr., 1870, IS> 122. 

^ Berzelius, Lehrbuch der Ch&fnie. (Dresden), 1848, 6th edn., 3 ? 1086. 

3 Langlois, Ann. Chim. PMjs., 1856, [3], 48 , 502 ; Jahresber., 1856, p. 551, 

* Meissner, Oilberfs Annalen, 1818, 60 , 366. 

® Lefort, Compt. rend., 1848, 27 , 269 ; Wallace, Ghem. Gazette, 1858, p. 410 ; 
Jahresber., 1858, p. 71 ; Barratt, Ghem. News, 1860, i, 110 ; Jahresber., 1860, p. 69. 

6 Parkmann, Amer. J. ScL, 1862, [2], 34 , 321 ; Jahresber., 1862, p. 50. 

’ Lefort, loc. cit. 

® Jovitschitsch, Gompt. rend., 1914, 158 , 872. 

9 Berzelius, Lehrbuch, Leipzig, 1856. See also Rammelsberg, Fogg. Annalen, 1837, 42 , 
141. 
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potassium hydroxide decomposes it, with formation of chromic hydroxide 
and potassium chromicyanide ^ (see below). 

Potassium Chromocyanide, K4Cr(CN)8, can be obtained pure 
by the addition of alcohol to a solution of chromous acetate in con- 
centrated potassium cyanide solution,^ or by shaking up chromous acetate 
with aqueous carbon dioxide, pouring the mixture into a 25 per cent, 
solution of potassium cyanide, the whole then being gently warmed in 
an atmosphere of hydrogen, cooled in snow, and precipitated by adding 
solid potassium cyanide.^ The salt appears in the form of dark blue 
crystals, which are readily oxidised to the yellow chromicyanide — a fact 
which caused Moissan^ to mistake the latter salt for the chromocyanide. 
Salts of the following metals, barium, iron (Fe"), lead, mercury (Hg"), 
and zinc, when added to a solution of potassium chromocyanide, pro- 
duce ^ characteristically coloured precipitates. 

Hydrogen Chromicyanide, Chromicyanic Acid, H;j[Cr(CN),J, 
is prepared by adding tartaric acid to a solution of potassium chromi- 
cyanide, or by passing hydrogen sulphide into water in which silver 
or lead chromicyanide is suspended.® In the latter ease the insoluble 
sulphide is filtered off and the filtrate evaporated in vacuo. Reddish- 
yellow vitreous crystals are obtained which have an acid reaction. The 
aqueous solution on standing loses hydrogen cyanide, a change which 
also takes place on prolonged boiling of a solution of the acid in boiling 
hydrochloric acid, when the red liquid gradually becomes green, coni- 
pounds of composition HCN.Cr(CN )3 and 2HCN.Cr(CN)., probably 
being forined.® Chromicyanic acid is tribasic, and forms salts analogous 
in composition to the ferricyanides.® 

Ammonium Chromicyanide, (NH4)3[Cr(CN),], has been ob- 
tained ^ by digesting the basic lead salt (see below) with excess of 
ammonium carbonate, and evaporating the liquid first by heating and 
then over sulphuric acid. The crystals, which belong to the mono- 
clinic system, 

a : b : c=0-806 : 1 : 0-66 ; ^=72° 14', 


are isomorphous with the potassium salt and with potassium ferri- 
cyanide. 

Lithium Chromicyanide, Li 3 [Cr(CN)J. 5 H 20 , is obtained® by 
passing hydrogen sulphide into an alcoholic solution containing cquiva- 
lent quantities of lithium carbonate and silver chromicyanide ; after 
expelling excess of hydrogen sulphide, adding a little water and 
evaporating in vacuo, the salt crystallises in long'needles. ’ 

Sodium Chromicyanide,® Na 3 [Cr(CN),]. 5 H 30 or 8H.,0, crystal- 
lises only with difficulty. It may be prepared by the method's dcscribc^d 
below for the potassium salt, but the yellowish solution obtaiiu'd yields 
a reddish-brown oil on evaporation, from which, with care, the lumta- 
hydrate i^y be obtained in small prisms. Needle-shaped crystals con- 
taining SHgO have also been obtained. 

Potassium Chromicyanide, KaCCrfCN)^, is the most important 


^ Berzelius, Jahresber., 1843, 25, 307. 

2 Descamps, Ann. Ghim. Phys., 1881* [5], 24, 196. 

Christensen, J. p'akt. Ohem., 1885, [2], 31, 163 

« Annakn Suppl, 1804, s 171 

® Walden, Zeitscli. phys%kal. Ghem., 1888, 2, 75. * 'U 

’ Kaiser, loc. cit. ; Rolcke, JOissertationy Berlin, 1896 
^ Rolcke, loc. cit. 
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salt of chrornicyanic acid. It has been, prepared by dissolving chromic 
hydroxide in an aqueous solution of potassium hydroxide which is 
supersaturated with hydrogen cyanide, and exposing the resulting liquid 
to air, when it assumes a reddish-brown colour and deposits crystals 
which may be purified by recrystallisation ; 1 by adding excess of 
aqueous potassium cyanide to a solution of chromous acetate contained 
in a closed vessel, and allowing to stand for a week, when long yellow 
needles separate ; ^ by the action of excess of potassium cyanide on 
chromous chloride or carbonate, or by heating powdered chromium with 
a concentrated solution of potassium cyanide in a sealed tube at 100° C.^ 
However, it is best prepared ® by the following method : Freshly pre- 
cipitated moist chromic hydroxide is dissolved in acetic acid, and the 
solution evaporated nearly to dryness and then diluted considerably 
with water. This solution is gradually added to a hot solution of 
potassium cyanide (about 25 per cent.) contained in a flask so as to 
exclude atmospheric carbon dioxide. After heating for a short time 
the liquid is filtered, evaporated, and cooled. The crystals obtained 
are dissolved in water (4 parts) and the solution boiled. Chromic 
hydroxide is deposited and filtered oft, and the filtrate on cooling deposits 
pale yellow crystals, more of which are obtained by repeatedly boiling 
the mother-liquor. 

Potassium chromicyanide forms yellow, macled crystals, stable in 
air at ordinary temperatures ; density 1-71. At 20° C., 1 c.c. of water 
dissolves 0-3233 gram of the salt.^ The aqueous solution on pro- 
longed boiling deposits chromium sesquioxide, with slight evolution of 
hydrogen cyanide. Heated to dull redness in absence of air, the solid 
fuses and then undergoes decomposition, giving off nitrogen and leaving 
chromium carbide and potassium cyanide. With dilute sulphuric acid 
hydrogen cyanide is evolved, while the concentrated acid liberates 
carbon monoxide. 

When an aqueous solution of potassium chromicyanide is heated 
with carbon monoxide at 130° C. in a sealed tube, no absorption of the 
carbon monoxide takes place, but the chromicyanide is completely de- 
composed with the production of chromium sesquioxide, formic acid, 
hydrogen cyanide, and ammonia.* 

The following insoluble chromicyanides are obtained as character- 
istically coloured precipitates when potassium chromicyanide is added 
to solutions of metallic salts.® 

Cadmium Chromicyanide, Cd 3 [Cr(CN)g] 2 ; white, with a slight 
green tinge. 

Chromous Chromicyanide, Cr 3 [Cr(CN) 6 ] 2 ; dark coloured, 
almost black. 

Cobaltous Chromicyanide, CojCCrfCNlglg.lSHjO ; light rose 
coloured, becoming yellowish brown on drying. 

Cuprous Chromicyanide, Cu 3 [Cr(CN) J ; orange yellow. 

Cupric Chromicyanide, CujtCrfCNlgla.dHaO ; blue when first 
prc(li)itatcd, gradually becomes green, and when dry reddish purple. 

‘ B()(*kniann, H<‘t‘ (InK^liii’s Handbuch der Chemiet 1848, 4 , 335. 

" MoiHHari, (kym.pt. rend., 1881, 93 , 1079. 

•* (!hnHt(‘nK(‘n, ,/. prakt. Chem., 1885, [2], 31 , 163. 

* Mull(‘r, Bull. Boc. ckvni., 1903, [3], 29 , 27. 
van J)yk<\ (k’UHcr, and Miller, J. Ainer. Chem. Soc., 1906, 28 , 1132; Rolcke, loc. cit; 
MoiHHau, he. cit. ; Kaiser, loc. cit. 

VOL. VJl. : III. 
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Ferrous Chromicyanide, Fe3[Gr(GN)g]2; brick red, changing to 
dark green on drying. 

Lead Ghromicyanide, Pb3[Gr(GN)g]230H2O, is precipitated on the 
addition of alcohol to a solution of the basic salt in a limited quantity 
of dilute sulphuric acid. No precipitate is formed when potassium 
chromicyanide is added to a solution of lead nitrate, but the basic 
acetate of lead yields a white precipitate.^ 

The basic compound, Pb3[Cr(CN)6]2.5PbO, is obtained as a yellowish- 
white amorphous precipitate on adding ammoniacal lead acetate solu- 
tion to a dilute solution of potassium chromicyanide in absence of carbon 
dioxide. 

Manganous Ghromicyanide, Mn3[Gr(GN)6]2 ; greenish - white 
crystals ; light brown when dry. 

Mercury Ghromicyanide. — The addition of potassium chromi- 
cyanide to a solution of mercurous nitrate gives a yellowish-white pre- 
cipitate, which rapidly darkens and finally becomes grey. The original 
precipitate is probably mercurous chromicyanide, Hg3[Gr(GN)6], 
which decomposes, yielding mercurous cyanide, which in its turn splits 
up into mercuric cyanide and mercury. 

Nickel Ghromicyanide, Ni 3 [Gr(GN)g] 2 . 14 H 20 ; light greenish 
blue ; black when dry. 

Silver Chromicyanide, Ag3[Gr(GN)g] ; orange yellow; when dry 
rose red. It is decomposed by heat, yielding cyanogen and metallic 
silver. 1 

Zinc Chromicyanide, Zn 3 [Cr(CN) 6 ] 2 *lf^H 20 ; yellowish- white 
crystals ; straw coloured when dry. 

The behaviour of the above salts with mineral aeids and with 
alkalies has been studied.^ 

Chromium Oxycyanide, Cr 02 (CN) 2 . — The existence of this 
compound has been indicated, ^ but it has not yet been isolated. 

Chromous Thiocyanate, Gr(SCN)2, and Chromous Sodium 
Thiocyanate, 3NaCNS.Cr(GNS)2.11H20, are known to exist. ^ By 
passing nitric oxide into a moist amyl-alcoholic solution of chromous 
thiocyanate, the compound 0[Cr(SCN)2]2.4NH3 is obtained.^ Com- 
pounds with pyridine have also been described. 

Chromic Thiocyanate, Cr(SCN)3, is prepared by dissolving freshly 
precipitated chromic hydroxide in thiocyanic acid and evaporating the 
green- violet solution over sulphuric acid,® or by concentrating a solu- 
tion of chromithiocyanic acid (see below) either by heating or over 
sulphuric acid."^ It is obtained as a grey, amorphous, deliquescent 
mass, whieh readily dissolves in water to form a violet solution. When 
freshly prepared, the solution does not answer to the ordinary pre- 
cipitation reactions for the Cr'** and SCN^ ions. However, hydrolytic 
dissociation gradually takes place, especially under the influenee of sun- 
light ; the solution becomes green, and precipitates are obtained with 
silver nitrate and ammonia solutions.® It is soluble in the chief organic 
solvents. 


2 van Dyke, Cruser, and Miller, loc. cit. 


^ Bookmarm, loc. cit. 

® Rawson, Chem. Neivs, 1889, 59 , 184. 

I ^0PP®1» ^^tsch. anorg. Ckem., 1905, 45 , 359 ; Sand and Burger, Ber.. 1906, 39 , 1771. 
^ Sand and Burger, he. cit. 

« Clasen, Zeitsch. Chem., 1866, p. 102 ; J. prakt. Ghem., 1865, 96 , 351 ; Graham Otto, 
Anorg Chem., 5th edn., 1881, 2 , 1105. Rosier, Annalen, 1867, 141 , 195. 

s Speransky, J. Buss. Phys. Chem. 80 c., 1896, 28 , [ 1 ], 329. 
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Ammoniated compounds, of composition Cr(NH3)o(SCN)o.HoO; 
Cr(NH 3 ) 3 (SCN) 3 . 2 H 30 ; NH4CNS.Cr(NH3)3(SCN)3 ; NH.CNS. 
Cr(mi3),(SCN)3; Cr(NH3)3(SCN),.NH4l, have been prepared.^ 

Thiocyano salts of chromium with organic bases, e.g, pyridine and 
ethylenediamine, have also been obtained.’^ 

Chromithiocyanic Acid, H3[Gr(SCN)3], is formed in the deep 
wine-red solution which results from the decomposition of the lead or 
silver salt of this acid.^ The solution is strongly acid, but the com- 
pound has not been isolated, since on heating the solution gives off thio- 
cyanic acid, and chromium thiocyanate remains behind. It forms salts 
containing the complex ion [Cr(SCN)6]'", whose solutions, however, on 
long standing, especially under the influence of light, undergo ionic 
dissociation, as shown by freezing-point and conductivity determina- 
tions, and the resulting chemical activity.^ The salts of the heavy 
metals are of characteristic colours.^ The absorption spectra of some 
chromithiocyanates have been studied.^ 

Ammonium Chromithiocyanate, (NH4)3[Gr(SGN)3] .4H2O, is 
formed by dissolving freshly precipitated hydroxide in ammonium- 
thiocyanate solution, or by reducing ammonium dichromate with 
alcohol and sulphuric acid, neutralising the solution with ammonia, 
adding ammonium thiocyanate, and boiling for a short time.® 

Sodium Ghromithiocyanate, Na3[Gr(SGN)6].12H20, yields 
crimson-coloured crystals, which over sulphuric acid, or when heated 
at 105 ° C., become anhydrous and turn violet. A heptahydrate may 
be obtained by crystallisation from aqueous alcohol. 

Potassium Ghromithiocyanate, K3[Gr(SGN)J.4H20, prepared 
by boiling a solution of a chromic salt with potassium thiocyanate, forms 
reddish-violet glistening crystals, of density 1*71 at 16 ° C.*^ The salt is 
stable in the air and over sulphuric acid, but when heated to 110° C. 
it loses its water of crystallisation, and at higher temperatures decom- 
poses. It dissolves in water, 1 part in 0-72 parts of water, yielding a 
red solution, which on boiling goes green, but on cooling returns to 
its original colour. By crystallising from aqueous alcohol a trihydrate 
may be obtained. 

Barium Ghromithiocyanate, Ba 3 [Gr(SGN) 3 ] 2 . 16 H 20 , is soluble 
in water, and is obtained by the methods employed tor the alkali salts. 
It crystallises in short ruby-red prisms. 

Silver Ghromithiocyanate, Ag3[Gr(SGN)(j], is obtained as a 
voluminous reddish-brown precipitate, which when boiled with Water 
turns pink. It is insoluble in ammonia, and is not sensitive to light. 

Lead Ghromithiocyanate.— The normal salt has not been obtained. 
The addition of the potassium salt to a solution of lead acetate gives a 

1 See Moiiand, Qtiart. J, Ghmn. Soc., 1860, 13 , 252 ; Christensen, J. praJct. Ghem., 1892, 
[2], 45 , 221 ; Nordenskjold, Zeitsch. anorg. Ghem., 1892, i, 135 ; Pfeiffer and Tingler, ibid., 
1908, 58 , 433. See also Pfeiffer and Haimann, Ber., 1903, 36 , 1063 ; Escales and Ehren- 
sperger, ibid., 1903, 36 , 2681 ; Werner and von Halban, ibuL, 1906, 39 , 2668 ; Maas and 
Sand, ibid., 1908, 41 , 3367. 

2 Pfeiffer, Ber., 1901, 34 , 4303 ; Pfeiffer and Osann, ibid., 1906, 39 , 2116. 

^ Rosier, he. cit. 

^ Magnanini, Qazzetta, 1895, 25 , [ 2 ], 373 ; Speransky, loc. cit. ; Cioci, Zeitsch. anorg. 
Ghem., 1899, 19 , 314 ; Rosenheim and Cohn, ibid., 1901, 27 , 293. 

° Magnanini, loc. cit. 

® Rosier, Annalen, 1867, 141 , 189. 

^ Clarke, Amer. J. Bci., 1877, [3], 14 , 281. . 
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red precipitate, which when dried over sulphuric acid has the c 
position Pb3[Cr(SCN)6]2.4Pb0.12H20. This, with water, becc 
yellow, and forms the compound Pb2[Cr2(SCN)io].4Pb0.9H20.^ 

Chromium Ferrocyanide, Cr2[Fe(GN)6], is obtained as a ye 
precipitate when chromous chloride is added to a solution of potass 
ferrocyanide. 2 

Chromium and Silicon. 

Alloys of chromium and silicon are readily obtained by hea 
chromium sesquioxide with excess of silicon at full white heat,^ or ' 
silicon carbide,^ or silicon carbide and carbon,^ in the electric furni 
or by strongly heating chromium sesquioxide, silica, and aluminh 
From these alloys several definite silicides have been isolated, w 
are usually grey in colour, hard and brittle, and very resistant to a( 
except hydrofluoric acid, which readily decomposes them. The silici 
CrgSi,^ CrgSi, CrgSig, and CrSig, have been obtained in a state of c 
parative purity by special methods of preparation.*^ 

Trichromium Silicide, CrgSi, has been prepared by heath 
mixture containing 140 parts each of copper and aluminium with 
parts of chromium sesquioxide in a fireclay crucible ; ® on addii: 
small quantity of aluminium filings an energetic action occurs, anc 
cooling, a metallic ingot is obtained containing crystals of the silic 
which can be separated from the metal by treating with aqua r 
and then washing with water. It has also been obtained ^ by fusii 
mixture of copper and chromium with a relatively small quantit; 
silicon in an electric furnace, and digesting the resulting buttoi 
nitric acid. It forms grey, prismatic, arborescent crystals, of den 
6-52 at 18° C.,8 hard enough to scratch glass, but not quartz. A 
have no action on it, except hydrofluoric acid ; it is only slightly attac 
by sulphur, potassium chlorate, or fused potash ,* chlorine and bror 
decompose it at red heat, and it is rapidly attacked by a mixtun 
potassium chlorate and nitric acid. 

Dichromium Silicide, CrgSi, has been prepared in the forn 
lozenge-shaped crystals with brilliant facets, by causing silicon 
increasing proportions to act upon chromium dissolved in copy 
Moissan obtained it as small prismatic crystals by heating chrom 
in a dish lined with silicon at a temperature rather above 1200° C. : 
current of hydrogen ; by heating pure chromium with 15 per cent 
its weight of silicon in a carbon crucible in an electric furnace ; anc 
heating a mixture of 6 parts of silica, 20 parts of chromium sesquiox 
and 7 parts of sugar carbon in the electric furnace. The product, w] 
always contained some carbide, was washed with cold concentr£ 
hydrofluoric acid. The crystals are hard enough to scratch quartz 

1 Rosier, Annalen, 1867, 141, 189. 

2 Stridsberg, Jahresber,, 1864, p. 304 ; Kaiser, Annalen Supply 1864, 3, 163. 

2 Warren, Chem. News, 1898, 78, 318. 

^ Erilley, Revue Metallurgie, 1911, 8, 476. 

® Baraduo-Muller, ibid., 1909, 6, 167 ; 1910, 7, 698. 

® Matignon and Trannoy, Compt, rend., 1905, 141, 190. 

’ For a general study of the alloys of chromium and silicon, see Frilley, Zoc 
Baraduc-MuUer, he. cit. 

* Zettel, Compt. rend., 1898, 126, 833. 

* Lebeau and Figueras, Bull. JSoc. chim., 1903, [3], 29, 799. 

Moissan, Compt. rend., 1896, 121, 621. 
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even corundum. The silicide is attacked at red heat by chlorine with 
incandescence ; hydrogen chloride at 700° C. gives the chlorides of 
silicon and chromium ; fused potash slowly attacks it. 

Trichromium Disilicide, GrgSig, is obtained by fusing a mixture 
of copper silicide with 4 per cent, of its weight of chromium in an electric 
furnace, and digesting the resulting mass alternately with 50 per cent, 
nitric acid and 10 per cent, caustic soda solution.^ It has also been 
prepared by prolonged heating at 1200° C. of pure chromium powder in 
contact with silicon tetrachloride.^ It yields long quadratic prisms, of 
density 5*6 at 0° C. It is hard enough to scratch glass, but not quartz. 
It is stable in air at ordinary temperatures, but is oxidised superficially 
at 1100° C. It becomes incandescent in chlorine at 400° C., and forms 
silicon and chromic chlorides ; bromine attacks it slowly at red heat. 
It is not attacked by sulphuric or nitric acids ; warm concentrated 
hydrochloric acid, or gaseous hydrogen chloride, gives chromous 
chloride ; hydrofluoric acid also decomposes it. When fused with 
alkali carbonates, the alkali silicate and chromium sesquioxide are 
produced. 

Chromium Disilicide, CrSi2, has been prepared by the method 
described for the previous compound, a higher percentage of silicon 
being used.^ It has also been obtained ^ by heating a mixture of 
chromium sesquioxide and charcoal with excess of silica in an electric 
furnace. By the first method the silicide is obtained as a grey crystal- 
line powder; by the second, as long, grey, lustrous needles, only ob- 
tained free from silicon with difficulty. Density 4-393.^ It is decom- 
posed by hydrofluoric acid. 

Chromium Aluminium Silicide, CrgAlSig, has been obtained® 
by fusing together silicon, aluminium, and chromium in an atmosphere 
of hydrogen in a reverberatory furnace ; by the reduction of the 
powdered silicate of aluminium and chromium, or of a mixture of the 
oxide with silica by the thermit process ; and by heating chromium, 
chromium sesquioxide, chromium sesquisulphide, potassium dichrom- 
ate or potassium chromifluoride,® with a large excess of potassium 
silicofluoride and aluminium in a Perrot’s furnace, and dissolving away 
the regulus by alternate treatment with dilute hydrochloric acid and 
sodium hydroxide solution. The double silicide is obtained in the form 
of greyish- white, brittle, hexagonal crystals, which have a metallic lustre 
and conduct electricity. Its hardness is 4*7 ; density 5. It is in- 
soluble in acids, except hydrofluoric acid, and in aqueous alkalies, but 
dissolves readily in molten sodium hydroxide. It is attacked by the 
halogens at high temperatures. 

If in the method of preparation last described the proportions are 
so chosen that the regulus contains 35 to 50 per cent, of free silicon, 
then a second silicide, CraAlSi 4 , is formed,® yielding small crystals of 
hardness rather less than 5, and of density 4*8. 

Manchot and Kieser have studied the reaction of these silicides 


^ Lebeau and Figueras, Oompt. rend., 1903, 136 , 1329 ; Bull. Soc. chim., 1903, [3], 29 , 
799. 

^ Vigouroux, Compt. rend., 1907, 144 , 83. Lebeau and Figueras, he. cit. 

^ Be Chalmot, Amer. C'hem. J., 1897, 19 , 69. 

® Vigouroux, Compt. rend., 1905, 141 , 952 ; Bull. iSoc. chim., 1907, [4], i, 790. 

® Manchot and Kieser, Annalen, 1904, 337 , 353. 

^ Manchot and Kieser, ibid., 1905, 342 , 356. 
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with hydrofluoric acid quantitatively, with the object of arriving at 
their constitution. They suggest the double formulae : 


/Cr— Si : Si 


and 


Si^Al 

^Cr- 

Cr- 


:iSi 
-Si . Si 


— Crx 
/Al— 
Si^Cr' 


7 Si 


-Cr 


Si Al Si : Si Al Si. 

/ 


Cr Si . Si- 


-Cr 


Silicates of chromium have not been prepared. Numerous siliceous 
minerals contain chromium sesquioxide, generally in combination with 
the oxides of aluminium and iron, e.g. chrome ochre and wolchonskoite 
(see p. 8 ). 

A number of complex silicates of sodium and chromium have been 
prepared : 

Sodium Chromisilicates. — By fusing together silica, sodium 
carbonate, and chromium sesquioxide with a large excess of sodium 
chloride, dark green orthorhombic and strongly pleochroic crystals, of 
composition 2Na20.3Cr203.6Si02, have been obtained.^ From a mix- 
ture of sodium metasiheate, chromic hydroxide, and excess of sodium 
chloride, rhombic crystals, of composition 5Na20.2Cr,Oo.llSiO., re- 
sulted : while a mixture of ammonium dichromate, sodium metasilicate, 
and sodium ^^loride yielded crystals resembling tridymite, of com- 
position 8Na20.2Cr203.95Si02. When the sodium salts were replaced 
by salts of other alkali metals or of the alkaline earth metals, analogous 

nToTh ^ chromisilicate, of composition 

Na20.Cr203,2Si02H-(?)H20, has also been described.^ Chromultra- 

^.TT°n’ powder, of composition Na20(Al203. 

ultramarine'gSn.’a sulphide, gives 

4(Na30.AJ203.2Si02)Na2Cr0,.5H20 ^ and 
5Na2O.4Al2O3.7S1O2.CrO3 , 5 have been obtained by heating a mixture 
of kaolin and sodium chromate with sodium hydroxide or carbonate. 

Chromium Silicofluoride, Cr2F3.(SiF,)3, is obtained in solution 
when chromium sesquioxide is dissolved in hydrofluosilicic acid.« It 
has not yet been isolated, since in aqueous solution it undergoes decom- 
position ; the violet solution spontaneously and gradually becomes bluish 
green, and silicon tetrafluoride is liberated, thus : ’’ 

Cr2F3.(SiF,)3=SiF,+Cr2F3.(SiFJ„ 

the silicon tetrafluoride then being decomposed by water. On evanora- 
tion more silicon tetrafluoride is liberated, and a green hydrated fluoride 
can be isolated, to which Recoura gives the formula (CrF.5H20)SiFs, 

1 Weyberg, Oentr. Min., 1908, p. 519. 

! Smger, Dissertation, Technische Hochschule (BerUn), 1910 u 'IB 

Singer, German Patent, 221344 (1909). ’ .r* • 

* Thugutt, Zeitsch. anorg. Ghem., 1892, 2, 85. 

Weyberg, Gentr, Min., 1904, p. 727. 

® Berzelius, Pogg. Annalen, 1824, i, 201. 

^ Recoura, Gompt rend., 1913, 156, 1618. 

® Recoura, ibid., 1913, 157, 1525. 
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Consi(lc‘ruio' it analogous to tlie two »silieofhiori(k‘s prc^part^d hv 
serpi of coniposilion^ (Ck<^1.5NIL0SiF,} and (CkUl. tNH.,.iI,())Sil> 5 , 

The Freshly pr(‘part‘(l violet solution oF chroiniuin sili(H)lluori(U‘ react s 
witli potassium chloride, thus : 

t ^iCrCI,,; 

but iF llu' solution has Ixani allowed to stand, tlie products are ])otassiuni 
silieotluorich' and a compound, (Cr^khjCli, From wliich tlie (luorine cannot 
be [)tH‘eipil al(‘d by adding’ ba,rium clitoride. 

Tlu‘ Jufdi'dtcd compound (CrF.ril LO)Si.F(j is stable^ in dry air or in 
a vacuum ; but. in (*onlacd: witli moist air it slowly Iosifs silicon tet ra- 
lluoride, and ultimattdy yic^lds hydrated cliromie lluoride, 

(hnuiMUiM AND Bokon. 

Wluai (‘hroniium, or (‘liromium scs(|uioxide, is luaitcal with boron in 
an (‘h'clric Furnac(\ l)orid(‘s arc* Fornuah'^ IF the operation is (avrried out 
in a, (*arbon (*ru(‘iblc, the* product rdways contains l rc(‘ carbon whicli ca.n** 
not b(‘ compl(‘t(‘ly sc^parated. By nalucirta' Ihi* st‘S(juioxid(‘ t>y healing* 
with boron in ina^ji’nesia crueililes in an ehad ric Furnace, du ,Jassonn(‘ix 
obtaiiHsi a series oF alloys (amtainin^ 5 to 17 {)(‘r ta*nt. oF combiiual 
boron, and suceecdtal in isolatin^Lif two delinite liorides oF coni|)osilion 
CrB and 

Chromium Boride, CrB, was extraettai From an alloy containin|j: 
to pea* (H‘nt. oF boron liy the a(‘tion oF liydrochloric acid or chlorine 
Ix^low r(*d lusit. It contains IT*-! per cent. oF lioron, and r(‘|)rcst‘ivts 
tlu‘ limit oF saturation oF (^hromi^m tiy boron. It is non-(*ryst4dlin(\ oF 
density (J-l a.t 15 ' C., an<l liard ciiou^’h to s(*rat.ch ^^lass or (|uart7*, It is 
altacki'd by hydroclilorie, hydrolluoric*, or snli)lmri(; a.<nd, yieldin^^ boric; 
acid ; nilric. a.<-id and alkaline solutions ha.V(; no action upon il ; eliloriiu‘ 
d(‘(‘()niposes it with ineandeseiniee, Forming chromous and chromic 
eliloridc'S ; hydro<‘hloric acid a<;ts similarly at nxl h<‘a,t, (U'olvinu' hydro- 
gtai ; Fns(‘d alkali(\s ca.us(; oxidation with in(*a.nd(\sc<aic(‘. It. burns 
siionta.nc'onsly in lluorinc, and, when hcatial to a, \vhil,(‘ lu^al in nitro<((ni, 
it yii'lds a, <j:r(‘yish-hlack substance which, with Fustal potassium hydroxidt', 
gives off a.mmonia., 

A borid(‘ oF vta'v diflVrent; |)ropta*ties, hut to wliic'h tht‘ sa nu^ com - 
position is assigiu'd, has Ixxai olitained ^ as a sil V(‘r-whit(‘ erystallin(‘ 
powder liy lh(‘ ahimino-l hermie method, tlu‘ chromium tlua'iniU* being 
eausisl to r<‘a.e.t with boron, aiul excess oFehroininm )x‘ing nanoxasl From 
th(‘ pnxlnet by su(*eessiv(‘ly washing with dilute hydnx'hlorit* ac‘id, 
nilric* ac'id, and acpia r(‘gia. The t>vire boride had a. d(*nsily <d’ 5* t at 
17'' C., and hardness <S. It was nnattackcxl by acids, cncMi hydrolluorie 
a, (‘id, and only slight ly attacfked by Fused sodium livdroxid<‘, potassium 
nitnd<‘, or potassium chlorate; sodium jxu’oxide oxidis(‘d it with in(*an- 
d(‘s<‘(‘iiet‘, Forming hora.t(‘ and chromate. It possessc'd weak inagiudie 
))r<> per ties. 

Trichromium Diboride, GrjjB^, was isolated by Jassonneix 

‘ J, prakt, Cheni,, 1890, 42 , 200, 218. 

- Pii(-kc‘rnnd Moody. Pro<% Okvm. 1901, 17 , 129; Tntns, ('hvm., S<k\, 1902, Hr, M. 
du JuKHotuK'ix, (krnipl. rend.^ 1900, 143 , 897, 1 149 ; liidf. iSor. rhluk, 1907, [1], I, 2on. 
W(‘d<*kiti<l and 1907, 40 , 297 ; (Jhem, Zml,^ 1900, 29 , No. 9H. 

•' du tJaHKoiincix, (MmiqiL rend., 1900, 143 , U49, 
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from an alloy containing 11-6 per cent, of boron. Its chemical pro- 
perties closely resemble^ those of the monoboride prepared by this 
me od, but in general it is not so readily attacked ; for example, in 
fluorine it only takes fire when gently heated, and it is not attacked by 
nitrogen at white heat. Its density at 15° C. is 6*7. 

Chromous Borate.— When a solution of borax, or of sodium meta- 
oorate, is added to aqueous chromous chloride, a pale blue amorphous 
precipitate is formed, which is soluble in free acids but insoluble in 
excess of the reagent.^ 

Chromic Borate.— Ammonium hydrogen metaborate, (NH.)HB,0., 

when added to a dilute solution of chromic chloride, causes the precipita- 
tion ot a pale green powder. ^ 

If borax is used the precipitate is blue, and is soluble in excess 
ot the reagent ; ^ with potassium hexaborate, K,O.6B.O,.10H,O, the 
precipitate is green.* Hebberling ® gives the composition of the pro- 
duct as approximating to 7Cr,03.4B,03, but the proportion of B3O3 
present appears to vary with the concentration of the reao-ent 

Guignet;s Green (see p. 37) is obtained by heating' together 
potassium dichromate and boric acid and treating the fused product 
with water.® Salvetat ^ assumed that a chromiborate was formed 
according to the equation : 

K^Cr^O, + I6H3BO3 = Cr303.6B303 + K^B.O, -f 24H3O +30, 

the chromiborate being decomposed by water with evolution of heat. 
A similar compound, usable as a dye, was obtained by Poussier « bv 
heating chromium chloride with calcium borate. ^ 

Detection and Estimation of Chromium. 

The distinctive colours of chromium compounds and their solutions 
render detection of the inetal comparatively simple. The quantitative 
estimation of chromium is not difficult, and the principles of the more 
convenient and accurate methods are given in the following pacres.® 

Detection: Dry Tests.— Chromium compounds when reduced on 
charcoal leave a dark green residue; if the substance be first mixed 
with sodium carbonate, the fused mass obtained gives a yellow solution 
with water, the tint of which deepens on addition of sulphuric acid ; in 
the presence of zinc, zinc chromate, which is insoluble in the alkaline 
solution, IS formed.*® On heating a chromate in a dry tube with a little 
potassium hydrogen sulphate, a red or green liquid may be formed 
with evolution of oxygen. Some chromates evolve oxygen when 

1 Moberg, J. praJd. GKem., 1891, 44 , 322. 

2 Hayes, Amer. J. Sci, 1831, 20 , 401. 

® Berlin, see Gmelin’s Handbuch der Ghemie, 1850, 4 122 

rend,, 1857, 45 , 411 ; Jahresber., 1857, p, 94 . 

I Gmelin’s Handbuch der Ghemie, 1850, 4 , 122 . 

, Hebberimg Zentr., 1870, p. 122 ; Jahresber,, 1870, p. 1001 

® Gmgnet, Jahresber., 1859, p. 761. > 1 vx. 

’ Salvetat, Gompt. rend., 1859, 48 , 295. 

® Poussier, Bull Soc. chim., 1873, [ 2 ], 19 , 334 . 

» For actual working details text-books of analysis must be consulted ; for the analysis 
ferrochrome the reader is referred to Vol. IX., Part HI., of this 

Chancel, Gompt, rend., 1856, 43 , 927. 


See also Tissier, Gompt. 
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heated alone. Ammonium dichromate decomposes on heating, giving 
off nitrogen, while the sesquioxide is left as a bulky green powder, 

(NH,)A207=CrA+N2+4H2O. 

Some undecomposed ammonia also escapes. 

If a trace of chromate or dichromate be heated in an opaque bead 
of fusion mixture on a platinum wire, a yellow bead results ; a chromium 
salt will give the same result if the bead is touched with a minute 
quantity of sodium peroxide. When heated with borax on platinum 
wire in an oxidising flame, chromium compounds impart to the bead a 
yellow or dark red colour, which on cooling becomes yellowish green ; 
if heated in the reducing flame an emerald green bead is obtained. 

Wet Tests,- — The presence of chromium in solution and its state of 
oxidation may be indicated by the colour due to its ions ; thus Cr’" 
is green, CrO^" yellow, and CrgO," orange. The solutions of chromous 
salts are generally deep blue. When hydrogen sulphide is passed into 
a solution of chromate in presence of an acid, the colour changes to 
green and sulphur is precipitated : 

2K2Cr04 + lOHCl + - 4KC1 + 2CrCl3 + SligO + 3S. 

A similar change takes place with sulphurous acid, but no sulphur is 
precipitated : 

2K,CtO,+S11,SO,+211,SO,^2K,SO,+C^^^^ 

If an excess of hydrogen peroxide be added to a solution containing 
a chromate, made slightly acid with sulphuric acid, and the mixture 
then shaken up with a few c.c. of ether, a blue ethereal layer is formed 
above the aqueous solution.^ The colour is due to the formation of 
perchromic acid (see p. 78), and the reaction affords a useful test for 
identifying chromates in presence of sulphuric acid. If the ether used 
is free from alcohol, 1 part of potassium chromate in 40,000 parts of 
water can be detected. Another sensitive test for chromates and di- 
chromates is to add a trace of a-naphthylamine to the solution and 
acidify with tartaric acid, when an intense blue colour results.^ 

Solutions of chromic salts give a bluish- or whitish-green gelatinous 
precipitate of chromic hydroxide with ammonia, slightly soluble in 
excess of the reagent, forming a bluish-pink solution, but completely 
precipitated on boiling. Sodium or potassium hydroxide gives the 
same precipitate, which dissolves in excess of either reagent, giving a 
bright green solution ; complete precipitation only takes place on pro- 
longed boiling with a large excess of water. The presence of non- 
volatile organic compoxmds interferes with the precipitation and may 
entirely prevent it. Ammonium sulphide produces the same precipitate, 
insoluble in excess : 

Cv,{so,),+s{mi,),s+mfi=2Cv{oii^^^ 

Chromium may also be precipitated as chromium phosphate, CrP 04 
(see p. 87). 

A chromium salt may be converted to a chromate by means of such 
oxidising agents as sodium peroxide, hydrogen peroxide, potassium per- 

1 Barreswill, Ann. Qhim. Phys.^ 1847, [3], 20 , 364. 

^ van Bek, Chem. Weekblad, 1915, 12 , 6. 
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sulphate, or an alkali hypochlorite or hypobromite. If sodium per- 
oxide is used, it is added to a cold solution of the chromium salt, and 
the mixture then boiled until the effervescence ceases. The green or 
purple colour changes to yellow. 

2Cr(0H)3+3NaA=2Na2Cr04+2Na0H-f2ll20. 

If the oxidation is carried out with a hypochlorite or hypobromite, 
chlorine or bromine water is added to a cold solution of the chromic 
salt, which has previously been rendered alkaline with sodium or 
potassium hydroxide, and the mixture is then boiled. 

2Cr(0H)3+3Na0Cl+4Na0H=2Na2Cr04+3NaCl+5ll20. 

Excess of the halogen may be removed by acidifying with sulphuric 
acid and again boiling. 

Since chromates and dichromates are powerful oxidisers, warming 
with concentrated hydrochloric acid results in the liberation of chlorine. 
In presence of a chloride these salts may be detected by heating with 
concentrated sulphuric acid, when chromyl chloride, CrOgCla, distils over 
as a greenish-yellow vapour, which condenses to a reddish-brown liquid 
(see p. 30). 

When analysing a substance containing a chromate, the latter is 
reduced by hydrogen sulphide with precipitation of sulphur ; it is 
therefore precipitated as hydroxide in the iron group. To avoid the 
sulphur precipitate, the reduction may be performed with sulphurous 
acid, excess being expelled by boiling before passing in hydrogen sul- 
phide. The precipitated hydroxides of iron, aluminium, and chromium 
are treated with water and sodium peroxide, when the aluminium and 
chromium pass into solution as aluminate and chromate respectively. 
The presence of the latter is seen by the yellow colour, and can be con- 
firmed by the precipitation of an insoluble chromate from the neutral 
or slightly acid solution. For example, silver nitrate gives a brick-red 
precipitate of silver chromate, insoluble in acetic acid but soluble in 
nitric acid and in arnmonia ; a soluble lead salt precipitates yellow lead 
chromate,^ soluble in excess of caustic alkali ; barium chloride gives 
light yellow barium chromate, soluble in mineral acids but insoluble in 
acetic acid ; dark red mercurous chromate may also be precipitated. 

To detect a chromium salt in the presence of a chromate, the mixture 
piay be boiled with sodium carbonate and filtered ,* chromium hydroxide 
is precipitated from the chromium salt, while the yellow colour of the 
chromate is seen in the filtrate. 

A chromate may be detected in presence of a dichromate in several 
ways. If the precipitation of barium chromate by excess of barium 
chloride leaves an acid solution, a dichromate is indicated. Excess of 
methylene blue gives a precipitate with dichromates, and if a chromate 
is present a further precipitate is obtained on adding dilute sulphuric 
j ^ filtrate. A concentrated solution of manganese sulphate 
added to a boiling solution gives a blackish-brown precipitate if a 
chromate is present ; while by mixing the hot solution with an equal 
volume of a boiling solution of sodium thiosulphate, a distinct turbidity 
or even a brown precipitate of chromium sesquioxide, is produced bv 
a dichromate. ^ 

Terreil, Bull Soc. cUm., 1865, [ 2 ], 3 , 30 ; Ohem. News, 1865, ii, 136 
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Free chromic acid in a solution of a dichromate may be detected by 
the liberation of iodine from potassium iodide. 

Estimation of Chromium. — In the analysis of chromites or of 
other substances containing chromium, such as leather ashes, pigments, 
etc., it is first necessary to obtain a solution. This is done by finely 
powdering the substance and heating it with a suitable flux in a crucible, 
preferably of nickel. Many fluxes have been employed, usually caustic 
alkali or alkali carbonates, but the one in most common use at present 
is sodium peroxide, whereby the chromium compound is rapidly con- 
verted to a chromate.^ Excess of alkali is removed by boiling with 
ammonium carbonate, which also precipitates any iron present. The 
filtrate is then acidified with dilute sulphuric acid and the chromium 
estimated either by gravimetric or volumetric methods. 

Gravimetric Methods , — When the chromium is in solution as a 
chromic salt, it can be precipitated completely from the boiling solution 
by the addition of ammonium hydroxide in the presence of ammonium 
salts. ^ The precipitate may be dried at 100° C. and converted by 
gentle ignition to the dark green sesquioxide and weighed as such. 
Ammonium sulphide ^ or hydrazine sulphate ^ may also be used as the 
precipitant. 

The results obtained are generally high, probably due to the forma- 
tion of chromic chromate during ignition,® thus : 

5Cr203+90^2Cr2(Cr04)3. 

Accurate results are obtained by igniting in hydrogen. 

Chromium may also be completely precipitated as the phosphate, 
CrP 04 , by the addition of an alkali phosphate in presence of sodium 
acetate. The method gives satisfactory results with the green and 
violet chlorides, sulphates, and acetates, but not with oxalates (see 
p. 87). 

If the chromium is in solution as a chromate or dichromate, as is 
the case after fusion as described above, it may either be reduced to 
the trivalent condition and precipitated as hydroxide, or directly pre- 
cipitated as an insoluble chromate. In the absence of sulphates, barium 
chromate ® is precipitated by the addition of barium acetate at the 
boiling-point to a solution made faintly acid with acetic acid and con- 
taining a little alcohol. After ignition the precipitate is weighed as 
barium chromate. If chlorides and sulphates are present only in small 
amount, the chromate may be thrown down by mercurous nitrate, the 
mercurous chromate then being converted by ignition to the sesqui- 


3 Hempel, Zeitsch. anorg. Ghem., 1893, 3» 193 ; Tompkins, Chem. News, 1893, 68 , 136 ; 
Clark, J. Ghem. Soc., 1893* 63 , 1079 ; Saniter, J. Iron Steel Inst., 1895, 43 , 153; J. Soc. 
Chem. Ind., 1896, 15 , 156 ; Rideal and Roseblum, ibid., 1895, 14 , 1017 ; Glaser, J. Amer. 
Ghem. Soc., 1898, 20 , 130; Chem. News, 1898, 77 , 123; Tate, ibid., 1899, 80 , 235 ; 
Fresenins and Bayerlein, Zeitsch. anal. Ghem., 1898, 37 , 31. See also Levi and Orthmann, 
Chem. Zentr., 1915, i., 219; Field, J. Ind. Eng. Ghem., 1916, 8, 238; Moir, J.S. ^ 55 . 
Anal. Chem., 1919, 2 , [ 1 ], 9 ; J. Soc. Chem. Ind., 1919, 38 , 260 A. 

^ Jovitschitsch, Monatsh., 1913, 34 , 225. 

» Harms and Lucas, Chem. Zeit., 1912, 36 , 1134. 

^ Jannasoh and Mai, Ber., 1893, 26 , 1786 ; Jannasch and RubI, J. prakt. Chem., 1905, 
[2], 72 , 10 ; Friedheim and Hasenclever, Zeitsch. anal. Ghem., 1905, 44 , 594. 

^ Rothaug, Zeitsch. anorg. Chem., 1913, 84 , 165. 

® Chancel, Gompt. rend., 1856, 43> > Gibbs, Zeitsch. anal. Chem., 1893, 32 , 309. 
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oxide of chromium. In the absence of chlorides the silver or lead 
salts may be precipitated, the latter only in absence of sulphates.^ 

Volumetric Methods , — Chromium is most easily estimated in solu- 
tions containing chromate or dichromate by volumetric methods.^ 
These generally depend either on the oxidation of ferrous iron or on 
the liberation of iodine from potassium iodide. 

In the first case, the solution is acidified with dilute sulphuric acid 
and a known excess of ferrous ammonium sulphate added. The excess 
of ferrous salt remaining in the solution is titrated with standard 
dichromate ^ or permanganate, the value of the original chromate 
solution being obtained from the amount of iron oxidised. The method 
gives exact results in the presence of iron, and it is used for the analysis 
of ferrochrome, steel, and slags, ^ but not in presence of nickel, cobalt, 
or manganese.® Similar methods are employed in the presence of 
aluminium, zinc, manganese, or vanadium, in which the chromium is 
oxidised by means of ammonium persulphate,® small quantities of 
chromium in steels and other metallurgical products being thus 
rapidly estimated.’ The electrometric method for determining the 
end-point in the final titration of the ferrous iron has been used with 
success.® 

The iodometric method depends on the fact that chromates interact 
with hydrochloric acid, liberating chlorine, which in its turn liberates 
an equivalent amount of iodine from potassium iodide. The iodine 
may then be determined by titration with standard sodium thio- 
sulphate. ^ This method is largely used for chromium in whatever state 
of oxidation it may be, a chromium salt being first converted to 
chromate either by fusion with sodium peroxide ^ or by boiling its 
solution with nitric acid and lead dioxide.^® 

If iron is present results may be high, and this metal should there- 
fore be removed by means of hydrogen peroxide before estimating 
the chromium; on the other hand, organic matter tends to delay 
the separation of iodine. The reaction is also influenced by the 
concentration of the acid, the presence of different salts, and bv 

sunlight.i2 ^ 

In chrome liquors, infusions, leather ashes, and chrome residues, 


^ Winkler, Zeitsch. angew. Ghem., 1918, 31, 46. 

71 estimation of chromic acid in solution, see Wallis, Chemist and Druggist, 1907, 

3 the use of potassium clichromate as a volumetric standard, see Bruhns J vratt 
Chem„ 1916, [2], 93, 73, 312; 1917, [2], 95, 37 ; MUrosky, J, Amer, >$^0^1918, 40,' 

817; Herwig, ibid., 

1916, 11., 693 ; Schumacher, ibid., 1917, i., 532. ^ 

r complete scheme for the analysis of nickel-iron- chromium alloys, see Reid, 

J. Ind. Eng. Ghem., 1917, 9, 488. 

« van Pelt, Bull, de Belg., 1914, 28, 101, 138. 

Z’- 

« Field, J. Ind. Eng. Ghem., 1916, 8, 238. 

Terni and Malaguti, Gazzetta, 1919, 49, i., 251. 

“ Lauffmann, Rundschau, 1918, 10, 37 ; Ghem. Zentr., 1918 ii 310 Also 

Schorlemmer, Collegium, 1918, p. 145. 

Bameboy, J. Amer. 
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the c‘hroTnuiin is generally oxidised by one of the abo\'c methods and 
then estimat('d volumetrieally.' 

A method, whieh is eonsidered sidlieiently aeeurate for tcelmical 
purposes, for the estimation of alkali ehromates and diehromates in 
presence Of I'aeh otlu-r, depends upon titration with acitl or alkali.*-^ 
Pota.ssium diehromate is titrated with potassium hydroxide in presence 
of phenoljdvthaleiti : 

K,Cr AO I ‘2KOII 5iK,,0r(),, | 1 1 ,0. 

'I'he i)resenee of an indicator is not ess(‘ntial, since when neutral the 
colour changes from reddish yellow to gn'cnish yellow. Potassium 
chromate is estimated by titration with snlphurie acid, Congo red being 
used as the indicator : 

>2KA'rO, I-ILSO,, K.CrA), 1 K„SO,j | 11/). 


A fnrtlu'r method consists in treating a. solution of chromate with 
an excess of methylene white (the Icnco base of methylene blue) in 
prcst'ucc of hydrochloric acid.'* 'I’hc methylene blue produced is then 
titrated with’ stainlard titanons chloride, the tcinp<-ra.t.nrc being kejrt 
above K)’ C. in order to sharpen the end-point.’^ The whole process 
should be performed in an atmospher<‘ of carbon dioxide. In applying 
this method to ferroehrome or chromium steel, the iron ami ehrominm 
may lie estimated togetlu'r, tlu^ iron then being di'tc'rmined st'jiarately 
by ordinary metliods and tlu' ehrominm obtained by diflenmee. The 
reaction may also be used eolorinudrically.'* 

Colorinuiric Methods’. 'I'lie intensit.y of th(‘ yellow (>olonr of a solu- 
tion of an alkali chromate is proportional to the amount of elmnnab^ in 
tin? solution." If, therefore, a, given (pmntil.y of the solution to be 
tested has the same tint as an eipial depth <)f a, standard sohd.ion, it 
is assumed that tlu're is the satm- <’oneent ration of alkali ehromaU' in 
both solutions. 'I’he .sensitiveness is found to be grea.t(‘st. at eoneen- 
trations between O-OOtN and O-OOHN with respect to the gram-atom of 
ehrominm.'^ 

Colorimetrii- comparisons have also been made with giaam ehrominm- 
ehloride .solutions, and it is foniul that, in general, the sensitivene.ss is 
similar to that of potassium chromate sohdions. 

When an alcoholic solution of diphenylearbazich', containing a. little 
a<'etie acid, is added to a very dilute solution of ehroini(> acid, a vioh-t 
coloration is [uodm'cd. 'Phis has been maih- the basis ol a colori- 
metric estimation." With more concentrated solutioiis the reaction 
gives a reddish-brown colour, and tinally a brown precipitate containing 
about IK per cent, of chromium. 


' I.cvi mnl Ortlinuimu Chrm. /ji’iitr., Htl.'"., i„ 219: .StihortmniiU'r, iliiiL, 1918, t, 377 ; 
App(‘Hn.s jiud Schmidt, HMd. ii., ItHh 

“ Sachcr. Farhviru itumj, IttlO. 22, 2i:i; Otwm, Znitr., 1017, i,, dOd. 

« Atack, Analifst, 1010, 38, 00 ; J, Jh/tm afid ( \flourhls, 1015,31, 180,200. 

'* The (‘iid i.H hIho Hharpeup<l by tlm pruHctico <if iartndt'H (dark, J. Wat^ktngUm 


Arad. Sri., 1020, xo, 255), 

Uimnirr, Arch. Sri. mU UW/iv.f *Mi), 

« dc, Ktiidiadv, rharmu ZnL, IHH0» 78 , 504; Milhdirund, SttlL fiS. (,roL Siirv(% 1900, 
176 , 80 ; lUchardHon, Matm, an<l Haimm, J, Sot\ (dirm. tnd., 1000 , 22 , (>M. 

" Ib.ra, Amvr. Chrm.. HM)0, 35 , 250; lliitrudi, ZriM, ammj. rVirm... lOlO, 80 , 17L 
» ( V/.<‘ncuvc, ZvilHch. awjm\ ('hrm,, 11H)0» I 3 » 058 : IhilL Sor. chim., 1001, [OJ, 25 , 758 ; 
Mdulin, ibkL, 10], 33t» 295 ; Ohem. N€U% 1904, 89, 208. 
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used qu^ntiUtivTly.'”'' a-naphthylamine (see p. 105) may also be 

Mei/i 0 rf 5 .— As yet, little sueeess has attended the appliea- 
anSvJ« *0 chromium compounds (c/. p. 10), but in the 

chrr.^a+ yellow, and of other pigments with a basis of lead 

in separated by the electrolysis of a solution 

1Y1C+1^ • chromium remaining in the solution then esti- 

uia-cea in the usual way.^ 

^ Jaroslav, Milbauer, and Ivan Setlik, J. praJd. Chem., 1919, [2], 99, 85. 


CHAPTER IV. 

MOLYBDENUM. 

Symbol, Mo. Atomic weight, 96*0. 

Occurrence. — Of the minerals containing molybdenum, the most 
important are molybdenite and imlfenite. The former consists essenti- 
ally of the sulphide M 0 S 2 , and occurs in a crystalline (hexagonal) form 
in granite, gneiss, granular limestone, etc. Its density is 4*75. It was 
formerly confused with graphite, which it resembles in appearance, but 
the difference was pointed out by Scheele in 1778-79. An artificial 
“ molybdenite ” has been prepared.^ Molybdenite is widely, though 
sparingly, distributed, and is found in the following countries in the 
British Empire : Australia (chiefly Queensland and New South Wales), 
New Zealand, Canada and Newfoundland, Virgin Isles, Ceylon, Federated 
Malay States (not worked), India (not worked). Union of S. Africa 
(Natal, Transvaal), United Kingdom (Cornish mines, Inverness, 
Leicester, Cumberland). It occurs also in Austria, France, Germany, 
Russia, Norway, Sweden, the United States, Japan, and Mexico.^ 
Wulfenite, melinose, or yellow lead spar, is lead molybdate, PbMo 04 . 
It occurs in veins with other lead ores in Austria, Hungary, Scotland, 
Siberia, and the United States. The brilliant red crystals of adaman- 
tine lustre, which have a density of 6*85, belong to the tetragonal 
system. Wulfenite is a member of the scheelite (see p. 182) group of 
minerals. 

Molybdite or molybdenwn ochre forms orthorhombic ^ crystals, and 
occurs with molybdenite, from which it is probably derived. It consists 
essentially of the trioxide M 0 O 3 , but analysis has shown ^ that its 
composition is probably expressed by the formula Fe 203 . 3 Mo 03 . 7 |H 20 ; 
it being, in fact, a hydrated ferric molybdate. The sample examined 
was of a yellow colour, possessed a fibrous structure and a silky lustre, 
and was pleochroic. 

Other minerals containing molybdenum are very rare. PowelUte, 
calcium molybdate, CaMo 04 , containing calcium tungstate, CaW 04 , is 
a brittle mineral from Idaho. The crystals belong to the tetragonal 
system ; density 4*53. Belonesite, which occurs in Vesuvian lava,^ is 
essentially magnesium molybdate, MgMo 04 ; pateraite, a molybdate of 
iron and cobalt ; eosite, a vanado-molybdate of lead ; while one of the 

1 de Scliulten, Oeol. For, Forhandl, 1889, ii, 401. 

2 See Imperial Institute Technical Information Bureau’s pamphlet on The Sources and 
Uses of Molybdenum Ores, London, 1915. 

® Nordenskjold gives a : b : c = 0*3874 : 1 : 0*4747. 

. ^ Guild, Amer. J, Sci., 1907, [4], 23, 455; Schaller, ibid., 1907, [4], 23, 297 ; Zeitsch, 
Kryst. Min., 1907, 44, 9. ® Scacchi, Zeitsch. Kryst. Min., 1883, 14, 523. , 
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constituents of achrematite is lead molybdate. Ilsemannitey a blue oxide, 
and molybdates of iron and uranium, are also found in nature.^ The 
element has been detected in soot and dust produced by the combustion 
of coal obtained from the Li^ge district. ^ 

History, — In view of their similarity in appearance, it is not sur- 
prising that in early times such substances as molybdenite and plum- 
bago should have been confused with galena. That such was the case 
is reflected in the names “ black lead ” and “ molybdoena ” (/xoAi;^ 8 o 9 , 
lead), and the difference between the two substances was first pointed 
out in 1778-79 by Scheele in his treatises on “ Molybdoena ” and 
“ Plumbago.” During his investigations on the composition of the 
former, Scheele heated it with nitric acid and obtained an acid-forming 
oxide; the subject was studied by Bergman (1781) and Hjelm, who 
isolated the metal in 1782.^ The pure metal, free from carbon, was 
first obtained by Berzelius ^ by reduction of the oxide with hydrogen. 
The true composition of wulfenite was first demonstrated by Klaproth 
in 1797. 

The most important researches on molybdenum compounds previous 
to 1880 were those of Svanberg and Struve (1848), and Ullik (1867), 
on the molybdates, and of Blomstrand (1857) on the halogen compounds. 
During the last half century much attention has been paid to the 
chemistry of molybdenum, and although our knowledge of the lower 
oxidation products of the element is still restricted, the nature of 
the many series of complex compounds has to a great extent been 
elucidated. 

Preparation. — Although the purest molybdenum is obtained from 
wulfenite, the chief commercial source is molybdenite, which is con- 
verted into the trioxide by roasting in air either with or without the 
addition of sand, and, on dissolving the residue in ammonia, a solution 
of ammonium molybdate is obtained. This salt, freed from copper by 
treatment in ammoniacal solution with ammonium sulphide, and from 
aluminium by the addition of potassium carbonate, on ignition yields 
rnolybdenum dioxide ; alternatively, heating with excess of sulphur 
yields pure molybdenum disulphide, MoS^, which on roasting, or by 
treatment with nitric acid, is converted into the trioxide MoOg.^ 

Though usually prepared in the metallic condition by Goldschmidt’s 
process, molybdenum may also be obtained by the reduction of the 
oxide, sulphide, or halide, by treatment under suitable conditions with 
carbon, hydrogen, or other reducing agent ; by an electrolytic method ; 
or by heating the nitride in vacuo, 

1 See also Wohler, Mineral analysen (Gottingen, 1855), pp. 167, 170 ; Heine, J. prakt. 
Chem., 1834, [1], 9, 204 ; Mazade, Compt. rend,, 1851, 32, 685 ; Ogawa, J. Coll Sci, Tokyo, 
1908, 25, xvL, 1 ; Nasiniand Baschieri, Atti B. Accad. Lincei, 1912, [5], 21, i., 692 ; Jorissen, 
Bull Soc. chim. Belg., 1913, 27, 21 ; Ferguson, Amer. J. Sci., 1914, [4], 37, 399. 

2 Jorissen, Bull 80 c. chim. Belg., 1913, 27, 21. 

2 Scheele, Konigl Vet Akad. Handl, 1778, p. 247; Hjelm, ibid., 1790, 50, 81 ; CrelVa 
Annalen, 1790, i., 39 ; 1791, i., 179, 248, 266, 353, 429 ; ii., 59 ; 1792, i, 260 ; ii, 358 ; 
1794, 1, 238. 

^ Berzelius, Schweigger's J., 1817, 22, 51; Ann, Chim. Phys., 1821, [21, 17, 5: Poqq. 
Annalen, 1826, 4, 163 ; 1826, 6, 331, 369; 7, 261. 

® For further details of the processes used, a treatise on metallurgy must be consulted. 
See also Brunner, Dingl poly. J., 1858, 150, 672 ; Svanberg and Struve, J. prakt Ghern,, 
1848, 44, 264 ; Belffs, AnnaUn, 1858, 106, 376 ; Wittstein, Repertorium fur Pharmacie, 
1852, [2], 73, 156. Cf. Wicke, Annalen, 1843, 45, 373 ; Wohler, ibid., 1843, 45, 374 ; 
Ohristl, Dingl poly. J., 1862, 124, 398 ; Fibers, AnnaUn, 1852, 83, 219. 
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1. /?// lu'duetlon of the (Xvide with Jluoidmuin Poroder {Gold- 

.schmidds ProceHs).^ From the trioxide, IMoO-j, a. o'ood yic^ld ol' inolyl)- 

denuni 1V(H‘ from air-l)ubhles (‘an be obtained l)y G()l(lsehinidt\s method, 
il; b(‘inn' {)iylrrai)I(‘ to mod(vra.t(^ the rea,t‘tion l)y the axldition of a Ilux of 
50 parts ()r(‘alcinm lluoridt‘ for every 100 ]>arts of iiiolybclenuin l,rioxidi‘, 
and BS parts ol’ alumininm, and to allow the metal to ao;o‘]()nu'ra.t.<,‘ by 
ket‘piiti»’ liu‘ mass in a li(|uid condition for some time after tlu‘ r(‘a.etion.* 
Fns(‘d molybdenum may also be (‘ouveniently obtained I)y naluelion 
with aluminium powder of the dioxide MoO^, th(‘ lattm' l)eini>‘ prepared 
by tlu‘ redu(‘tion in hydro^xm of tlu^ trioxide, or by iu^uitiou of a.mmoniuni 
moly l)da/te, (Nil .j )2Mo(,)4.“ 

2. Bjf Rvduetion of the Oxide or Sulphide with Curhon. Molylxhaunu 
(‘ontainino’ t to 5 (ua* of carbon is prepared by naluetion of oxidt‘S 
of ru()lyl)<leivinu by m(‘ans of (xirbon in l)ra,s<iued eriieibl(‘s.'‘ Hy naliie- 
tion of to parts of Hk' dioxidt' (ol)taiu<‘d by i,i>'ni(iou of ammonium 
molyl)datt‘) with 1 part ol su^ar eluireoal in tlie (‘U‘et.ri<‘ furmu^e, usin^uj 
800 amiyr(‘s at (50 volts for six minutes, IVIoissaiW^ oblaimal th(‘ m(‘taJ, 
from whi(‘h eairljon was r(‘movfd l)y l\(*atin|( with molybdenum dioxid(‘, 
in a. (airly pure condition, vvhil(‘ by a, similar {>ro(‘(‘ss molybdt‘nit<\ 

}'ii‘Ids a uu‘tallie prodmd lr<‘(‘ Irom sulplmr but eouiainin^’ a, 
litth‘ iron.'* A mixtun' of molylHl<‘nite, lim<‘, and lluorspar, heated in 
tlu‘ (‘h'ctrie funuiet' with a- (mrnvnt of 70 to 100 ampt‘r(*s at 80 to tO 
volts, produet‘s ii |4'ood yield of tlu‘ homojKemams m(‘tal, thoit^h a. |)urer 
l)rodut‘t, <‘ontainiu|^^ 08*05 per cent, molylxhamm, n‘sults if t ii(‘ minend 
is first tnaited with eone<‘ntrat<‘d hydrochloric a.eidJ' 

8, Red net to u oj the Oxide,^\ ll(dides\ or Sulphides' with Ifi/dro^eu, • 
Mo!yl)dmmm trioxidta purihed by sulilimation in a platinum tul)(% is 
liivaital in {mn* hydro<»’<*u iirst. at. as low‘ a t(‘m|x*ralur<‘ as possibh* in 
ord(‘r to convert it to tlu* dioxide Mo().>, and fmally in liydro’^uai in a 
(juartz or plalinuni tube* at a. hi^di tmuptnaU un‘ in ord(‘r to eom|)l(‘tt‘ 
the naluetiouA ('(*rtain im ah heat ions in tlu‘ teelmiqm* of tin* proe(‘ss 
Imvt’ been describtal.” 

.V brilliant ste(*h«e(>|oure<l form of th(‘ metal is obtaimal by rcMluetion 
of ehloritl(*s of molylalenum at a r<‘d lit*at in a i^tass tube by hydro.pm.^* 
It is found that umlyl)d<*mim tetra.- and |H*nta"<*liloridt‘.s, on Inait.in.it 
below taut) yi(4d iuctallit‘ molybdenum. 

‘ Utr,ruh<‘in» autl tJnuua 'Arilsctu nmmj, 46 , 811* 

lUlt/ iiiul (tirtiirr. llHn;, j 9 . 8:i7n, S«n» jiIhu StaveiituiKeu. IHtllt 32 , lUm. 

* ilj.lm, /v. Svnt^La l O, Abut, itnndl, 17HH. p. ‘iHU; Biictua/. I S2fC P. 145; 

I)c4uu>, (Vwpt rnid,, Is.vs, 46 , InPH; t^unj^hlin, .Pwr, ./. *Vf'a. IKUI, |:!|. 45 , 81, The lunt 

Uiunt-a le-rtl pntje 'hum evaiuOi'. 

* MiniHiin, Tow/i/, rnid., I Hi):!, 116, 1285; 1885, t’Mh 1820, 

Otin'luial. IHIHI, 02 , 1270. 

“ MitlKsaatm, U n and Miu. Anmdni, 1007,355* l(M). If the eiirreut ii a-d li finnto HtN) 
*0 t lo vnlt's no melnl in <4»tiuaed, hat innteiMf, titvuHh4.rhiek (‘ryntiUn ttf rnuly tHtemiin 
,Hr,!i»|mnnl|jhi<h% iiro {»rotlue<‘i!, 

' WotdrT. is.io. 94 , 855; {Ouanu’lHherg, /%//. Annalttu IHiKh 127 . 2 S{ ; 

l)ehr»>, ?'*«*/,. IHliH, 66,782. 

Mr-irr uud ll.oe*, //ff,. I.S78. 6 , 881 ; Uieehti iunl Kein|ie, Amiuhn, 1S78, 169 , 811 ; 
(hnehiird, .!««, fVn'w. /Ve/'?,, 1801,(71,33,5(17; viia tier Ueri^he, //«//. Avtoi, rnif, 

1H85, !81, 30 , 827 ; Sviinher^ nat Struve, prnkt. idum,, IH4H, |I |, 44 , 802 ; tOunmiTe. 
hern, IHOO, |1 |, 97 , 17-1 ; Sjihiifier und SendereitH, Hull, HtH\ vhim,^ 1H82, flj, 7 , 508 ; 
M » »i'. 'Mill , J « « , i % im . / it liM . , I HNt ), j 5 1 , 21 . 1 4!K1 ; 51 iiller, J. A mrr, f %' m . Kt h \ , 181 5. 17, 
20111. 

^ Widtiei nnd IMai, AnmiUio 1855,94, 250. 

hum! uiift Kirldine, 7VfOo. ('hrm„ *S5r.^ liMIlh 9Si 1504. 
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Reduction of the sulphides MoSg or M 0 S 3 in a Rose crucible by 
means of hydrogen also yields the metal. ^ 

4. Other Methods. — Electrolysis of a solution of molybdic acid in 
hydrochloric acid, using a mercury cathode, yields an amalgam, from 
which an active form of molybdenum is obtained on distillation.^ 

On heating molybdenum oxide or its mixture with the metal to 
500° to 600° C. with equal parts of nitrogen and hydrogen under a 
pressure of 60 atmospheres, a nitride is obtained which, when heated in 
a vacuum, leaves a residue of pure metallic molybdenum.^ 

Physical Properties. — In the massive metallic condition, pure 
molybdenum is a white malleable substance, not sufficiently hard to 
scratch glass, and of density, at 26° C., 10-281.^ At 20 ° C. its compressi- 
bility is ^ 0-47x10"“® per megabar.® The following values have been 
obtained ’ for the specific heat of molybdenum : 


Temperature, ° 0. 

Specific Heat. 

20 to 550 

0-07219 8 

20 „ 100 

0-06468 8 

-188 „ +20 

0-0555 8 

-253 „ -196 

0-0141 “ 


The mean coefficient of expansion of molybdenum for the tempera- 
ture range 25° C. to 100 ° C. is^^ 4-9x10"“®, while for the range 25° C. 
to 500° C. the mean coefficient is 5 * 5 x 10 ""®. 

Molybdenum is paramagnetic. Numerous determinations of the 
magnetic susceptibility have been made, but the results obtained are 
widely divergent. When obtained in the form of a powder it is grey 
in colour and lustreless, though the strongly compressed powder exhibits 
metallic lustre. The metal melts at 2450^30° C.,i® and may, though 
with difficulty, be distilled in the electric furnace. 

The emission of electrons from molybdenum has been observed.^® 


1 von der Pfordten, Ber., 1884, 17 , 732. 

2 Feree, Compt. rend., 1896, 122 , 733 . 

■3 Badische Anilin und Soda Fabrik, German Patent, 246554: J. Chem. Soc Abstr 
1912, ii., 946. 

^ J. A7ner. Chem. Soc., 19W, 37 , 2046. Wolf {Dissertation, Tech. Eochschule 

Aachen, 1918; Chem. Zentr., 1918, i., 608) gives the density of pure molybdenum as 8 - 95 . 
Moissan, Compt. rend., 1895, 120 , 1322, gives 9-01. See also Longhlin, Amer. J. Sci., 1843 

Vet..Akad. Handl, 1825, p. 145 ; Debray, Compt. rend!, 
1858, 46 , 1098 ; Hjelm, Z. Svensha Vet.-AJcad. Handl, 1788, p. 280— all of whom give 
ligures less than that of Moissan, who used the pure eleetrically fused metal. 

® Richards and Bartlett, J. Amer. Chem. Soc., 1.915, 37 , 470. 

“ One megabar is 1000 /?, where g is acceleration due to gravity. Whence, if ? = 980- 6 

1 megabar=0-987 atmosphere at sea level 45° latitude ° j v u, 

VEarUer data are those of Regnault, Ann. Ohim. Phys., 1840, [ 2 ], 73 , 49 ; Defacqz 
24> 139. 8 Stacker, Wien Ber., 1905, 114 , ( 2 ), 65^ 

Richards and Jackson, Zeitsch. physikal Chem., 1910 70 414 
Dewar, Proc. Boy. Soc., 1913, A, 89, 158. / » - 

Hidnert and Gero, U.S. Bureau of Standards, Sci. Paper, No. 488 1924 
Meyer, Wied. Annalen, 1899, 68, 324 ; Honda, Ann. Physik, 1910 [41 ^2 1027 • 
Owen ibid., 1912 [4], 37 . 657. Honda gives the value +0-04 at 18° C ^ ^ ’ 

Piram and Meyer, Ber. Deut. physikal Oes., 1912, 14, 426 Previous determine tinno 
were : 2110° C. (Ruff, Ber 1910 43 , 1564) ; >2560° C. (m^nberi moT Wo“cT 
gives the freezing-point of pure liquid molybdenum 2250° C j • 

Moissan, Compt. rend., 1906, 142 , 425. 

Dushman, Rowe, and Eadner, Phys. Review, 1923, 21 , 207, 
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Spectrum, -llie Ihime, are, and spark sjXH'l.ra of niolylxhMiuin, 
(‘xhu)d. close similarity to those of chromium,* ha,v(‘ l.lu‘ 

subject, <)1 much careful investio’atiou.^ The most, /X 7 ’,v/.v/c/// lines a,r(‘ 
m tlu‘ moiv n^lrano'ihle part of the spectrum. The spark spectra, of 
ammonium molylxlatt^ in both acid and alkaline solution have Ixsm 
idiotounipluxl,** with identical results. Tlie lines ivcorded were as 
iollows : 
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Isxmu* and Hascladv (lor, vif,) rtx'ord the most bifenne lim^s of the 
lire and .spark .sp(‘clra of molybdenum as follows : 


* ('atalau. Fis, 11)25, 21:, 21;}, 527; (hnipt, nnd., 11)25, iy6, 217, 

- Fi.r t!u- an- Ni»<"rtnun. Vi%Um A21;J2 to /.(HKU, him* Kxri(*r and llasclirk. Dir Spr/dn'ii 
(Irr Fhnhut, ini mtnmih m Dnu'i\ Ixdp'/ig tuxl VVica, 1911 ; / 2 ( 2 () l(» /UHHH, eiihlniaiui. 
Aiit.'U'ji, Fhotorhi til,, 1917, 17 , 97 ; A4tl47 to / 7 IJM, \\Vi)L!;arul, if>{(l., 1912, li, 2 (>l ; 

^■•*‘»nn in /9721,^ niul Humtu of Stundord^ Hull,, 1920, 16 , 51 ; AV/. l*aprt\ 

jK 272, ( )ii thr /a ianan . aro Jjxvk. /*m\ hot/, Foe. ICdin., 1909, 75 ; < ’alalan, lor. rill 

'Dir X ray iprt tnnn luia hrrn atudxal by Ovrrn, FhjD. Hrr{ru\ 1921, 17 , 550 ; Diuua* and 
Pattri nn, Frt>r. A'o/. .(«vn/, Sri., 1922, 8 , H5 ; ^’aaaka and 5\ai(Humi, ,1/r/^r. Doll. Sri. 
ki/oio, 1925, y. I, kairlirr invi'Ntigatbaw by HaHHnlbnrjL*:, A'. Srnr'^Dt Vrt. Ahtd. Hondl., 
1905,36.2; Kxrwr and llmvhvk, SitiuHiDkh, K. AkmL iri.m Ifirw, 1 H 95 , 104 ; Jainkvrr' 
/Vnr, Hioj. Sue,, IHTK, 27 ; 'ffyilon, NomUi Arki Sor, UpHoln, IHOH, ni. 

'• lyoiuinh Sri. i*ror. Hoij, IhthL For,, 11.270. 

* F»»r a rn ni ial OrM-iiptaai ♦»! t|u* innthndH nniploycd, mui an axplanalimi of till* abhre* 

Viation . U,.r<b ;,cr p. 11. ' {* ItrlVr t(* p. 15. 
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Arc Spectrum. 

Spark Spectrum. 

Wave-length. 

Intensity, 

Wave-length. 

Intensity. 

3132-70 

30 M* 

2644-40 

12 

3170-46 

20 

2775-47 

15 

3194-11 

20 u 

2816-22 

20 

3798-41 

50 u* 

3635-38 

20 

3864-30 

50 u 

3688-49 

15 

3903-11 

30 u* 

3798-41 

20 u'^ 

4411-86 

20 

3864-24 

20 

5360-80 

20 — |- 

3961-62 

15 

5506-62 

50 +* 

5360-80 

15 + 

5533-21 

30 * 

5506-70 

30 * 

5570-69 

20 4- 

5533-28 

20 

5751-63 

20 * 

5570-70 

15 * 

5888-50 

20 * 

5888-52 

15 * 

5929-00 

20 

5928-03 

20 + 

[6030-80] 

2 

6030-89 

20 

6030-87 

30 




Chemical Properties. — Molybdenum is not appreciably oxidised 
in air at ordinary temperatures, but at a dull red heat the trioxide, 
M0O3, is slowly formed, the oxidation taking place more rapidly at 
600 ° C. In oxygen alone vigorous combustion takes place at 500 ° to 
600 ° C. Oxidation can be effected also by fusion with potassium 
chlorate, or less violently with potassium nitrate. The metal is attacked 
by fused, but not by aqueous, caustic alkali.^ When heated in steam, 
it is converted first into the dioxide and then into the trioxide ; ^ in a 
niixture of hydrogen and water-vapour, under suitable conditions, the 
dioxide is formed.^ By fluorine it is attacked at ordinary tempera- 
tures, by chlorine at a dull red heat, by bromine at a red heat, but in 
the case of iodine there is no reaction. With hydrogen sulphide at 
1200° C. the sulphide is formed. Molybdenum does not combine 
directly with hydrogen, nitrogen,^ or phosphorus, but with boron, 
carbon, and silicon, compounds are formed. For this reason crystalline 
carbides are always formed when molybdenum is heated in carbon 
crucibles in the electric furnace.® Molybdenum may be oxidised to 
the trioxide by means of carbon dioxide, 

Mo+3C02=Mo03+3CO, 

but the reaction is reversible, and under suitable conditions the trioxide 
may be reduced to the metal by carbon monoxide ; ® the metal is 
volatile in carbonyl chloride.'^ 


^ See Ruder, J. Amer. Chem. JSoc,, 1912, 34, 387. 

2 Regnault, Ann, Chim, PMjs,, 1836, [2], 62, 356 

3 Guichard 1901, [7], 23, 507; Chaudron, Gompt, rend,, 1920, 170, 182. 

On the enect of heating a molybdenum filament in nitrogen at low pressures, see 
Langmuir, J. Amer. Chem. Soc., 1919, 41, 167. 

® Moiss^, Xe/ow ikctrique, 1st edn., 1897, p. 227 ; du Jassonneix, Compt. rend., 1906 
143, 169 ; Tuttle, Annalen, 1857, loi, 285. 

® Vandenberghe, Zeitsch, anorg. Chem., 1896, ii, 397. 

1892 Oberholzer, %hid., 1894, 5, 63. For other reactions, see Smith, ibid.. 
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Molyl)deiiuin is, getierally speakiiio-, soniewhal. n^sislanl lo l.la^ a, (‘lion 
of a.c‘i(ls, but is less so tlian tiin,irstend It is unl.ouc‘lu‘(I by hy(lrolluori(* 
acid, hot or cold, and c‘otKx^ntratc(l hydrochloric and sulphuric ax‘ids 
atla(*k it only V(‘ry slowiy, tlic latter al elevated tenij)era,l arcs (‘volvin^* 
sulphur dioxid(‘, with th*e |)roductiou oi‘ a, ,i»*rc(‘n solution. Hot, dilute 
hy(lro(‘hl()ri(‘ acid slowly dissolve's the nudaj, but sulphuric* acid undt'r 
siniihir conditions doc's not do so. M()derat(‘ly dilute' nit ric* a(*id attacks 
tlic nu'tal rapidly ; the eoucentratcHl acid inducc's a, condition, of 
passivity, tlu‘ action b(‘in<>‘ slow ()winj»' to tlic^ d(*j)osil,ion of a, him of 
molyhdie aidiydrid<\ lMo();„ upon the surface of the nu'taJ. A(|ua, n'^ua. 
attacks tlu* nu't.al ra.pidly, |)articularly on lu‘a,tini4‘,'*^ 

An (‘spc'cially active* form of molydxlenum has Ixh'ii ol)tain<*d by 
electrolysis of a. solution of molybdc'uum trioxidc* in livdrochlorie^ acid, 
vising a, nu'rc'ury cathode*, tlie* nu're'ury licing removed from the* ainalgam 
formc'd by distil hitiom 

Atomic Wevi^Jht. For re'aseyns similar te) those* a.|)|)lying in the* ca,s<^ 
of chromium (p, 10), the* atomie’ W(*ight of molylxle'nuin is lhr(‘(* time's 
the* e*(|uival(‘nl. of the* me*tal in the* molyhdie salts, or six time's that in 
the molybdate's. Molvhde'num may be* eli-, tri-, or h(‘xa.-vale‘nt. 

The* re'sults of invc'sligations concc'rning t he aJoinie^ we'ight of molyl)- 
denum are* as follows : 



Iuv(*Hiigat(»m.‘’ 

Katin Datcrmiiuiil. 

A (.omit*. 
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LieH'liti auel Ke*mp(* / 

Analyses ol' chlorides 

neair 1)0 

I S74> 

Hanmu*lsbt*rg . 

MoO, : Mo 

00* IS 

1 HOB 

Smith ajid Maas 

Xn..MoO, : -iXaCl 

1)0*03 

1805 

Se*id»e*rt and Ueyllarel**^ 

2Ak(' 1 : MoO, 

MoO, : Mo 

05*1)2 

05*07 

1 SOS 

Ya,nde*nlH*rghe* 

MoO' : Mo 

00*00 


r 

MoO!, : Mo 

00*02 

I1H5 

.Miillcr . . 4 

MoO!, : Mo 

00*02 


\ 

MoO!, : Mo 

00*05 


‘ l Uidri', */. i% UK Hi 1 2, 34, US 7 , 

Uudrr, l(it\ fit, ; Miirino, BKtl, 35 , [ 2 j, 

tV-rn-, ('tmpt, nn<L^ IHtMi, X;22, 733, 

** 'riir Iwivc heuin rtHmletulatxxl fnnu thn foU«i\viuix funtlaincnta] valueae : 

(). in-noa; H, imOTtVi; N, ntaOH; (Jl, 3a-457; i\ I2‘(H)3; S, ‘32*()ea> ; 107-88(1; 

Pb, 207*20; Xu, 

BarzrliuM, Sti{wvi*jtjrr\*i IHIH, 22 , fil ; 23 , IHO; Annalvn, IH20, 8 , 1 ; Ruhi*, 
ibid., 40 , 400 ; Svieubi'rg laul iStriiven •/. prtdi. iJhruK, 1H4H, 44 , 301 ; Bcrlia* ibid., 
1830, 49 , 441; JhiniuH, Ammlm, 1858, 105 , H4 ; 1800, 113 , 23; Ann, Vhim. /V 1 //. 1 , 
1830, [31 35 , 120 , 142; Urhray, <*tunpt, rtmL, 1808 , 66 . 731 ; laOlutr Moyrr, AnnulviK 
1873, 169 , 31m ; Lie*e4ih mid ibid,, 1873, 169 , 344 ; Hinaiiu*lHbt‘rg, Jkr., 1870, 9 , 
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The determinations made before 1858 may be ignored as of no 
modern significance. Those made since that date yield three ratios, 
from which the atomic weight of molybdenum may be calculated, 
namely : 

(1) Na^MoO^ : 2NaCl = 100 : 56-744i:()-0017 ; 

(2) 2AgCl : M0O3 =100 : 50-204±0-0017 ; 

(8) M0O3 : Mo =100 : 66-708±0 0010. 

The values so obtained are (1) 96*06, (2) 95*92, (3) 96*04, the general 
mean being 96*006. 

It is to be observed that the low results of Seubert and Pollard may 
be accounted for by loss of molybdic anhydride by volatilisation during 
ignition. Special precautions were taken by subsequent investigators 
to prevent this, Muller first oxidised the pure metal to the trioxide by 
heating in oxygen, using a quartz vessel, and then reduced the oxide by 
heating in a current of pure dry hydrogen. lie made eight experiments, 
using three different samples of molybdenum, and his results, as shown 
in the table, are practically identical with those of Vandenberghe, and 
of Smith and Maas. From these considerations the atomic weight of 
molybdenum appears to approximate to the value 96*04 iO-Ol. The 
International Committee (1925) gives the value 


Mo=960. 

Alloys.^ — The most important alloy of molybdenum is ferro- 
molybdenum, which is used as an addition to steel. The effect of 
molybdenum on steel is similar to that of tungsten, but is more marked ; 
the tensile strength is increased and the elastic limit raised.^ For high- 
speed tool-steels molybdenum is often used in conjunction with 
tungsten. It has been found ^ that the addition of molybdenum in 
small quantities (up to 15 per cent.) to steel increases the liability to 
corrosion, especially in acid and salt solutions. An important use of 
steels containing 3 to 4 per cent, of molybdenum and 1*0 to 1*5 per cent, 
of carbon is for the manufacture of permanent magnets.^ 

With copper, molybdenum forms a greyish-red hard alloy, ^ of 
density 7*934. 

Silver and gold do not alloy with molybdenum ; ® ’platinum can 
take at least 16 per cent, of the metal into solid solution near the 
melting-point, but on cooling the molybdenum separates out.^ 


1577 ; 1877, lo, 1776 ; Berlin MonaU(ber„ 1877, p. 574 ; Smith and Maas, J. Amer. Ghem. 
80c,, 1893, 15 , 397 ; Seubert and Pollard, Zeitsch. anorg. Ghem., 1895, 8 , 434 ; Vanden- 
berghe, Acad. toy. Belg., Mem. Gouronnes, 1898, 56 ; Miiller, J. Amer. Ghem. 80c., 1915, 
37 , 2046. 

1 For a complete bibliography up to 1902 of researches on alloys, see Sack, Zeitsch. 
anorg. Ghem., 1903, 35 , 249. 

2 See Law, Alloys and their Inditstrial Applications, 1909, p. 246 (Griffin & Co., Ltd., 
London). 

. 2 Friend and Marshall, J. Iron 8teel Inst, 1914, 89 , 503 ; Aitohison, Trans. Ghem. 80c., 

1915, 107 , 1531. 

^ On the electrochemical behaviour of molybdenum-iron alloys, see Tammann and 
Sotter, Zeitsch. anorg. Ghem., 1923, 127 , 257. 

5 Hamaton and Smith, J. Amer. Ohem. 8oc., 1901, 23 , 161. Of. Dreibholz, Zeitsch. 
physikdl. Ghem., 1924, io 8 , 1 . 

® Dreibholz, he. cit. 

’ See also Barus, Amer. J. 8ci., 1888, [3], 36 , 427. 
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Witiimemirij, alloys corresponding to the formulae MoHgg, MoIIgs, 

and MooHg.j lui\^e been described.^ 

With aliunumini, a number of alloys are formed, the compositions 
of wliicli a,j>’rcH‘ with tlie formuhe Al^Mo, Al^Mo, AI3M0, Al^Mo, AlMo, 
and AllNIo ^ ; the existence of the alloy AlMogo is also suspected/*^ 

Alloys with chromium and with bismuth have been obtained in the 
electric l‘urna.ec‘.'* 

Alloys ol mol3d)denuni with other elements are dealt with in other 
volunu‘s of this series.'^ 

I (Jmiipt. rend., 1800, 122, 783. See p. 114. 

- (Juilli;!, ihid.. UHil, 132, 1322 ; 133, 291 ; Ohiie civil, 1902, 41, 139, 156, 169, 188; 
Mitilu'-l, DU^erladon, 1860 ; Molssan, Gompf. rend., 1896, 122, 1302 ; Bull. 

Bor. rhitn,, 1896, (3], 1$, 1282 ; Chim. Phys., 1896, [7], o, 337 ; Wohler and Michel, 
Annalen, 1860, 115, 102. 

Sargt‘ul., »/. Anhvr. (Jkem. Boc., 1900, 22, 783 ; Haynes, J. lnd. Eng. Chem., 1913, 5, 
189 ; Si(‘(lst'.hlag, Zritsrk anorg. Chern., 1924, 131, 191. 

S<y also Mo - Mu, Hargeni, loc. cit. ; Arrivant, Gompt. rend., 1906, 143, 285, 464; 
hlo —Ni, Sargtaii, Lor. cit. i Baar, Zeltsch. wnorg. 67tcm, 1911, 70, 352; Breibholz, loc. 
cit.; Mo (*•(>, 8arg(*nt, loc. cit. ; Raydt and Tammann, anorg. Chem., 1913, 83, 

246 ; llayiK's, loc. cit. ; Mo “(Jo —th*, Gamp and Marden, J. Ind. Eng. Chem., 1920, 12, 998 ; 

M,o d'\‘, Bcuu(‘.vill<\ J . A'iner. Gheni. Eoc., 1894, 16, 735; Carnot and Goiital, Gompt. rend., 

1897, 125, 148, 213 ; 1899, 128, 207; Awn. den Alines, 1900, [9], 18, 263; Gontribu- 
lion d I'Hude. des alliages (Ihiris, 1901), p. 493 ; (Jiirio, ibid., p. 157 ; Le Chatelier, ibid., 
]>. 413; Mathows, ,/. Iron Bteel Inst., 1902, 61, 182; Guillet, Gom/pt. rend., 1904, 139, 
519; \’igoun)ux, ibid., 1906, 142, 889, 928; hniiimh and TMmnmn, Zeitsch. anorg. 
Chcm>,, 1907, 55, 386; 'tmutimiuu, Zeitsch. angew. GJmn., 1911, 24, 635; Mo — W, Geiss 
and va-n Lieinpt, Zeilsch. anorg. Ghem., 1923, 128, 355. 


CHAPTER V. 


COMPOUNDS OF MOLYBDENUM. 


General Properties of Molybdenum Compounds. 


In its most stable and most important compounds, molybdenum occurs 
as a hexavalent element. The trioxide M0O3, corresponding to 
chromium trioxide, is markedly acidic,^ forming salts which readily 
combine with further molecules of the acid oxide to form series of 
poly molybdates. The strongly electronegative character of hexavalent 
molybdenum is also exhibited in the acid nature of the sulphide, 
and the formation of thiomolybdates of the types R'gS.MoSg and 
R 2S.2M0S3, and again in the difficulties encountered in attempts to 
isolate halogen compounds of the type MoClg, owing to the ready forma- 
tion of complex anions containing molybdenum and the halogen. The 
trioxide readily combines with other acidic oxides, such as phosphorus 
pentoxide, arsenic pentoxide, and silica, forming series of complex 
heteropoly acids which give rise to well-defined crystalline salts. These 
compounds, in colour, isomorphism, and general properties, show a close 
relationship to the corresponding derivatives of tungsten. 

The compounds containing molybdenum in lower stages of valency 
are much less stable than the fully oxidised derivatives, and in many 
cases further investigation is necessary before their constitution can 
be expressed with certainty. Normal salts containing divalent molyb- 
denum are not known, but certain halogen compounds of amphoteric 
character do exist, of empirical formula MoXg (X=C 1 , Br, I) but of 
molecular formula MosXg. These are insoluble in water, but the 
chloride and bromide yield acids of the type HM03X7, salts of which 
Substituted compounds, such as MosCLfOH)^ 
and MogCl^fA 03)2, are also known. None of these substances in solution 
yieM simple halogen ions, and the stability of the complex is indicated 
unaffected by such oxidising agents as potassium 


Trivalent molybdenum is found in a few simple compounds. The 
black hydroxide, Mo(OH)3, dissolves in acids with salt formation, 
yielding reddish-purple solutions which darken in colour Upon 
evaporation crystalline salts are not obtained, but when the solution 
IS taken to dryness a greyish-black residue remains, which can be re- 
dissolved in water to a dark grey solution. This may be accounted 
tor by the readiness with which the salts undergo hydrolysis with 
formation of the black hydroxide, possibly in the cdloidal form.’ The 
similarity of molybdenum to chromium is seen in the series of complex 
^ For indications of basic properties in the trioxide, see p. 137. 
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tliioc-yanalc's of the type Hh,[Mo(CNS)„].aq., which are analogous to, 
and isoniorphous wit h, the chroinithiocyanates H';jlU.r(CNS)h|.aq. 

Few dern’al iyes of niolyhdemiin dio.xule, MoO.,', liave been prepared, 
and It us douh tnl w u-ther simple salts eoutaining tetravalent molyb- 
denum can he lorniec in solution. By the electrolytic reduetion of acid 
molyl idate .solid tons, hrownish-coloured licpiids ap})a,rently containing the 
nie^tal in this slag<‘ ol oxidation have been obtained, but the evidence 
is insullicient to deti'rtuine whether Mo''’ ions a, re actually present, or 
whetlier the lupuds merely contain mixed Mo'' and Mo"' ions. Potential 
measnreinents indicate the ]n'esenec of mixed ions. The only sinnile 
snhstanees containing tetravalent molybdenum, in addition to the 
oxide, sulphide, MoS„ the tetrachloride, MoCl„ and the tetra- 

bronnde, MoHr,. 1 here arc, however, two series of complex molybdo- 
eyanides, ol tin- types IU„| Mo((,)II),,(CN),,].a.(]. and ll',[Mo(CN)8].aq. 
respeet lyi'ly, which contain tetravalent molybd('nnm and yield well- 
erystallised salts. 'I'heir existence' is jirobalily due to the resistance of 
tlie stable coinplex to hydrolytic decoin|)osition. 

Pi'iitavalent moly bdemmroeenrs in the hydroxide Mo(()lI),, which 
is obtained as a. reddish-brown precipitate by addition of alkal’i to the 
red solution reisult ing from careful reduction' of aipicons molybdic acid 
(see p. l.'tl). I he |)enlahydroxide is liasic, but tlu' only normal salt 
as yt't olilaiiied is the pentachlorich', which is pri'pared in the dry 
way (see )>. Pi.T). Salts containing the iiiob/hdemjl radical Mo0"‘ are 
obtainable in t he yet. way ; for exainple, a si'i'ies of'ha, logon double salts, 
ol th<‘ type MoOX.,.iiH X.aq. (X F, ('1, Br), is known. Complex thio- 
I'yanates, of tlu' form Mo(()II ),_.(SCN );„ liave been obtained in combina- 
tion with organie bases (see )). IVd), whilst molybdieyanides, of the 
type H ^ )h' analogous to the corresponding tungsten compounds 

{K 171 ), ha\‘c IxM'ii <lt‘S(Tih(‘<l. 

oxidised eoiupounds ol’ inolyl)d(‘inun, ustiaJly obtained 
tliron.nh tiu* M.uvin’V ol* hydro^^nai |)eroxid(x art' known ; siu^h, Ibr example, 
ar<‘ I lie pcrniolv lidalos, (lii()xyj)eriii()lyb(late.s, and the pc'rthiomolyb- 
dat<*s. In I host' oomponnds, however, the valcMiey ol’ I,1 h^ molybdenum 
appears to be 0, \vhi<di may i>(‘ eonsithu'ed as llu^'maxinmm valency of 
th(‘ element, dlu* eons! ituiion of the sulphur eompounds, which arc 
of tln‘ types uud U'MoS^,, has not as yel hcxai esbihlished, and 

ldth<»u‘di a Itdrasulphithx MoS.j, exists, tluu’e is no (wddenee tliat the 
luolylxh-num is tumd iouiujijf with tii^dier vahau'y tinui (>. 

Ikses. A few molyhd<*num (‘omt><amds nrv us(‘d iu the produetion 
of pi<nurnts and for prodneiug a. yellow (’olour in pottery ^^daz.es. (dass 
may be eolounxl y<‘llow or red by the addition of molybdenum disnJ- 
phi<I(’d d'he lihic <»xi(h\ malybdenuni blue or niolyb(lrN:ii}k is used 

as a d\(‘ in tin* textih* industry, <‘sp(‘eially for silk; it is aJso useful as 
a pi*un(’td for indiarul)ber. Ainmonium molybdate linds employment 
in tin* analytical ostiination of phosphorics avid, while rnolybdie acid is 
an import aid rent, rent for certain classes of or^uinie substances. .IVIolyb- 
(h'lmm ('oinpoimds are use<l to a small (‘xiiait iu })h()to^u’aphy. 


MaLYnOKKUM .AND .llYDROCi KN. 

No compound of rrrt)lyl)(lemim with tiydro^nm is known to exist. 


Ksigmoadi, IHtii/l poly. J., 1889, 273, 29. 
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Molybdenum and Fluorine. 

Molybdenum Hexafluoride, MoF^, the only fluoride known with 
certainty to exist, is best prepared ^ by the action of fluorine on the 
finely divided metal at 60 ° to 70 ° C., the product being collected in a 
vessel cooled by a mixture of solid carbon dioxide and alcohol. It 
forms white crystals which melt at 17 ° C., the boiling-point of the 
liquid being 35 ° C. It is decomposed by water, yielding the blue oxide 
(see p. 131 ), but does not react with chlorine, sulphur dioxide, or dry 
air ; it is absorbed by alkali or ammonium hydroxides, and forms 
double salts with alkali fluorides. It also reacts with ammonia, with 
production of a brown powder. 

Interaction of molybdenum pentachloride and anhydrous hydrogen 
fluoride yields a fluoride of molybdenum,^ while the existence of fluorides 
of the formulaj MoFg and M0F4. has been affirmed.^ Double salts of 
the formuhe KM0F4.H2O, (NH4)MoF4.H20, K3M02F9.2H2O, and 

{NH4)3Mo 2F9.2H20 have been described."^ 

Two oxy fluorides, respectively M0OF4 and M0O2F2, have been 
prepared ^ by the action of anhydrous hydrogen fluoride upon the corre- 
sponding oxychlorides in a platinum vessel surrounded by a freezing 
mixture. The former compound, M0OF4, which distils at 230 ° C., is 
a white hygroscopic solid, of melting-point 97 ° C. and boiling-point 
180 ° C. ; in air it decomposes, simultaneously becoming blue in colour. 
The latter compound, MoOgFg, which sublimes at 265 ° to 270 ° C., forms 
white hygroscopic crystals of density 3-494 ; with a little water it 
turns blue in colour, but with much water the mixture is colourless. 
Heated in air, it decomposes, evolving hydrogen fluoride and leav- 
ing a residue of molybdic anhydride. An alternative method of pre- 
paration of the oxy fluoride MoOgFg consists ^ in heating together 
molybdic anhydride and lead fluoride, cryolite, or other metallic 
fluoride in a stream of carbon dioxide or oxygen. Compounds of 
this oxyfluoride with metallic fluorides (“ fiuoroxy molybdates ”) are 
knowm.® 

With sodium, the compound Mo02F2.2NaF.|H[2^ formed as a 
crystalline salt by treating the normal molybdate with a slight excess of 
hydrofluoric acid.® The potcissium salts which have been prepared are 
MoO2F2.2KF.H2O and Mo 02F2.KF.H20,'^ while to other compounds 
the following formulae have been assigned : ^ MoOF3.2KF.H2O and 
3MoOF3.5KF.H2O. With rubidium, the compound MoO2F2.RbF.2H2O 
has been described,^ as also have the following compounds of 
ammonium : Mo 02 r 2 . 2 NH 4 F; MoOjFa.NH^F; MoOaFa.NH^F.HaO ; 

^ Ruff and Eisner, Ber., 1907, 40, 2926. 

2 Ruff and Eisner, ibid., 1906, 38, 742. 

^ Berzelius, Pogg. Annalen, 1827, 9, 369; Mauro and Panebianco, Ber., 1882, 
2510. 

^ anorg. Ghem., 1905, 46, 311; Rosenheim and Li, 

Ber., 1923, 56, B, 2228. 

® Schultze, J. prakt. CJiem., 1880, [2], 21, 442. 

® Delafontaine, Arch. Sci. phys. nat., 1867, 30, 233. 

’ Berzelius, Ann. CUm. Phys., 1825, [2], 29, 369 ; Delafontaine, loc. cit. 

8 Mauro and Panebianco, Ber., 1882, 15, 2510; Mauro, Qazzetta, 1892, 19, 179 : 
Nordenskjold, Ber., 1901, 34, 1572. 

8 Blomstrand, J. prakt. Chem., 1861, 82, 433. 

Mauro, loc. cit. ; Delafontaine, loc. cit. 
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3 M()()oFo.r)NlI,F.Il/) ; MoO,jF.,.;}NlLF ; M() 0 .,F INII F ^Nfl ^ 
M<.( 1 ,. 2 NH„F ; M..()F,‘ 2 N 1 I;f ■ yMoOF . 5 NII F Il'o ^ 5 

Mu(),<.,. 2 Kl<.n.,() IS dissolved m warm hvdrofreu-ncro.vide solution 

Mol; ir^rru n o'“‘ y^'Ilow lamimi <.l' composition 4 

M ( 1 -,. 2 K . I .,(), .separate. Tins salt reduces potassiun/penuan- 
,y.m.d( m ddute svdphunc acid solution, with evolution of oxygen, 
to.respond.nfi ews.um and rubidium salts have also been obtained. A 
r , e , l>*«‘‘'."<'>y!Hlatc in hydrolluoric acid, when 

"* M '•'* la'i’oxide in [iresencc of excess ammoiiiinn 
l uo ide, yiehts on evaiioration the compound Mo 03 F,. 3 NI.I,F, which 
kin also be ob aimal by the direct action of hydroiren peroxide on the 
Ihun-oxy.n.ilyb.late M<,(hF,. 3 NH,F.» hy the hirther action of hydrogej 
Obl'lhied *' l»‘»t<''<«um salt, the compound Mo 0 .i. 2 KF.H „0 may be 

MoLVltDKNUIM AND ClMiORINK. 

Molybdenum DichU)ride. The normal chloride of divalent 
nmlylultmuin, M<)( 1^ which in solution woidd yield the simple ions 
* lo^ and (1 , IS iiot known. 'riu‘ so-called ‘‘ rnolybclenum dichloride/^ 
whicli d(K‘s contain tin* dix'ahmt moiah has l)(‘cn shown to be an ampho- 
cric compound of mon* com|)h‘x (‘ompositiou. It may lie i)r(ipared bv 
hcatm<^ to ivdncss tln^ irichloriilc in a. stream of (Iry \;arl)on dioxide s 
when t h(‘ volatd<' t (‘t ravhlorid(‘ distils, Ica.vin^r a rcsidiie of the dichloride 
t art'lul rcanlatmn (»f llu' t(mit)craturts a,nd (exclusion of air a.ud moisture 
arc import autd' or the |>roduct will contain hij^dicr chlorides and oxy- 
(’hIoridt‘s. I h(' diiddoritli* is also formed l)y lu'atin,^ molybdcmnni with 
niereurous i-hlm-ide, or by passin<j; chlorine' largely diluted with carbon 
dioxide over the moderately heated metal; in both eases .satisfactory 
\ lelds ai(' dillieiill lo obtain. I'lu' most productive' incthod appears to 
be ( he heal in, y of molvhdenuin powder in a. stream of carbonyl chloride 
at hl(J to 1120 ( I In* diehloride remain, s ns a lu'ai'y yi'lhuv ^lowder, 
which may hi' I'xlraeted with ether eontaininp; .'5 per cent, of absolute 
alcohol. .Vflcr evaporalioii of the .solution iu vaciM, a lif,dit yello-w 
stable powder, of eomposilion Mo;,('l„.ty l,,()fl, remains, the alcohol in 
which cannot he removed liy heidin^ in an inert, atmosphere without 
further deeomposilion takiuf; place. The addition of alcoholic silver 
nitrate to a solution of the eompouiiil in alcohol ])recipit.al;es silver 
chloride, and the mot her-licpior on standing; deposits the compound 
.Mo:,Ul.,(S<).,).,,.('Jl,,()II ; immediate treatment of the mother-liquor 
with I'ther, houever. euiiscs si'pariition of the alcohol-rrec compound 
.Mo,,( li(^lfi)'.e I'lie formula for tin* chloridi' may therefore be written 
(.Mo.UlJCl,,. , , . _ 

If the oritjinal dichhiride powder is extracted with concentrated 
hydrochloric acid, loii|,r yellow needles, of composition Mo.,('l«. HUl. UlaO, 

* K<ti ri \ ..tdllui'niplur ilntii a nuinbor of Uiohc coiniiouuKlH, wu.o (iroth, 

('hnmsvhr Krt^'iUdhHjruphir, lIMiO, vol, i. 

5 * Piruiiii. /.nlith, ttmmj, <%m,» I, *11 ; Atti Jl Amid, JAnevi, 1802 , 7 , i., 2 G 7 . 

’* Piuriiii, /of. rtt, 

* Kh/.iuiut-iky, ./. Hum, Vhrm, Hm,, 1002, 34, 08.1. 

liloiimnnitf J, imdi, Chrm,, IHoO, [1 ), 77, 00 ,• IHOI, 8^, 42.1. 

« biFrlifi HUil Kunipu, Anmdrn, 187*1, 1-69, .144 ; yiutluiiann and Nagol, Ben, 1898, 31, 

Lindiiur and < 1»-workrr«, Brn, 1022, 55, B, 1458; Zeitsck u’mrg, Ohem.f 1023, 130, 209. 
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may be separated almost quantitatively from the solution.^ These in 
air lose hydrogen chloride, becoming green ; when heated in a stream 
of hydrogen chloride the compound Mo3Cle.Tl20 results. The yellow 
crystalline substance acts as a chloracid containing the anion M03CI7 , 
its solution in the minimum quantity of hydrochloric acid yielding, 
with concentrated solutions of metallic chlorides, salts of composition 
R‘[Mo3Cl7].xH20.2 The addition of dilute acid, to a solution of the 
chloracid in dilute alkali precipitates a crystalline hydroxide of com- 
position [Mo3Cl4.2H20](OH)2.6H20.3 This formula is based on the 
behaviour of the compound on dehydration ,* at 100° C. 6 molecules 
of water are lost, a seventh is expelled below 300 ° C., and the final 
product, which resists further dehydration, has the composition 
[Mo3Cl4.2H20]0. With hydrobromic acid the hydroxide yields acids 
for which the following formulae have been given : ^ H[Mo3Cl4Br3.H20]. 
3H2O and H 2 [Mo 3 Cl 4 Br 4 . 4 H 20 ] 2 H 20 ; salts of these acids have also 
been described. 

Molybdenum “ dichloride,” that is, the chloracid ITM03CI7.4H2O, 
dissolves in aqueous alkali hydroxides forming yellow solutions which, 
on boiling, deposit the black dihydroxide Mo(OH)2.® The alcoholic 
solution conducts electricity, the molecular conductivity increasing on 
dilution ; hydrogen, the oxychloride Mo3Cl4(OH)2, and sometimes 
molybdenum are liberated at the cathode, whilst acetaldehyde and 
ethyl chloride are formed at the anode. 

Molybdenum Trichloride, M0CI3, is obtained by reduction of 
the pentachloride ® by hydrogen at 250 ° C. ; by passing the vapour 
of the pentachloride over the heated metal ; or by passing a mixture 
of the pentachloride vapour and carbon dioxide through a heated tube. 
It is a reddish-brown amorphous substance, stable in air at ordinary 
temperatures, but on heating in air decomposes, leaving an impure 
residue of the dichloride. 

The trichloride is insoluble in water and alcohol ; by boiling water 
it is decomposed with hydrolysis. A solution may, however, be 
obtained by electrolysis either of a solution of molybdic anhydride 
in hydrochloric acid, or of a solution of ammonium molybdate in dilute 
sulphuric acid, a mercury cathode being employed. The substance is 
dissolved by sulphuric and by nitric acids, but not by hydrochloric acid.® 
With gaseous ammonia, at 340 ° C. the compound Mo2(NH2)3Cl3^ is 
obtained, while at 760 ° C. the nitride M03N2 is produced. A solution 
of ammonia gives a black, easily oxidisable compound M0NH4O4, 
while with liquid ammonia the products are ® Mo2(NTl2)3Cl3.10NH3 and 
M02(NH2)3Cl3. 

A hydrate of molybdenum trichloride has been stated to exist. By 
the action of potassium amalgam on a solution of molybdic acid in 
excess of hydrochloric acid, garnet-red, soluble prisms of the double 

^ Rosenheim and Kohn, Zeitsch. anorg. Chem,, 1910, 66 , 1. 

® Lindner and Co-workers, he. cU. ; Koppel, Zeitsch. anorg. Chem., 1912, 77 , 289; 
Rosenheim and Kohn, he. cit. ; Blomstrand, he. eit. 

® Lindner and Co-workers, he. cit. Cf. Blomstrand, he. cit. 

^ Lindner and Co-workers, he. cit. 

® Wolf, Dissertation Tech. Hochschule Aachen, 1918 ; Ghem. Zentr., 1918, i., 608. 

® Blomstrand, he. cit. ; Wolf, he. cit. 

’ Chilesotti, Atti B. Accad. Lincei, 1903, [5], 12 , ii., 22, 67. 

® Liechti and Kempe, he. cit. 

® Rosenheim and Braun, Zeitsch. anorg. Ghem., 1905, 46 , 311. 
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(•hl(>ri(l(‘ are obtained.^ Similar double salts, of com- 

posilion KhMoCI^j iuid 2(NII J^Mot1e».51L/) have been prepa’red ^ by 
(h‘(*lr(>l\'sinir str()iioIy a(‘id solutious of molybdie a,c*i(l, usint*' a mercury 
(‘atIiod(\ luldin.u t lu^ alkali (‘hloride to the resulting purple-red solution 
and (‘\'aporaling. The. eonipounds lU) 2 MoCl 5 .IL (Nll^)oM:oCl 5 .II^o’ 
and ('s,>Mo(’l:,.n.() liave Ixaai i>re]>a.redv^ and the last named has been 
sliown lo exist ni thrt‘e diff(^rent crystalline rnodifications. 

Molybdenum Tetrachloride, Modi, be prepared by the 
ac'tion ol* (Blurim^ at a, high tem|)era,turc upon 'molybdenum, or upon 
the oxidt* or sulpludt^ mixed with carbon ; by lu'ating the trichloride 
to r(aliu‘ss in a stiaxun of dry ciirl)on dioxidex b()th tlu^ tetraeliloride and 
tlie di<*hli>ridc of molybdenum are olrtained, althougli tlie former does 
not distil without d{.‘<iom|)osition. 

Mol\bdenum tt‘tra<*hlori<k‘ forms a semi-crystalline deliquescent 
po\vd<a\ unstable in air, in which, if heated, it yields the ox.ychloride 
MoOX’l.^ and di<‘hlormolybdie a,<‘id Mo 03 . 2 riCl ; it is also stated to be 
eonv(‘rl(Hl sp(mtaiu‘ously into the penta,ehl()ride and trichloride. If 
suiUeiently luaitiul thougli below LTU)^ C. it is reduced to the metal. ^ 
In walt-r, ah'ohol, etlu'r, and in dilute sulplmric acid it gives unstable 
solutions. 

The doul)lr salt; :iM(>Cl.i.2Nn,Ul.()l L/) has l)een described.^ 

Molybdenum Feiitachloride, MoClr,, is l)est prepared by gently 
lusiting m<^l> Ixlonum in (Blorine, when the fornier glows with produc- 
t ion of a iM'ddish x a j)our whi(di sonunvhat readily dissociates. On cooling, 
th<* \ apotir siehls l>la<*k d<‘li(|U(\se(mt (aystals whicli melt at 194® C. and 
lh(* riNulting li(pud l>oils at 2(J8" CJ Tlu^ ('ornpoiind is also produced by 
tlu* iiilera<‘t ion ot‘ molybdenum t.rioxidc' with phosphorus ])entachloride.® 

'flu* pfutaehloriih* is a, little unstai)le in air; when lieated to about 
laao ('. or less it h‘av<‘s a, r<‘sidu<^ of molylxlemim ; when heated in 
hvdn>gen at 2.'>0 ' C, it. is nahnaal to amor|)lu)US molyhcUauim trichloride. 
Its aqueous solution is nnstable in air, (\s|)eeially on warming, when 
hvdrog(*n {4ilori(i<‘ is mtu‘(‘ rapidly evolv(Hl and the blue oxide (p. 131) 
remains. Dcsauiqjosit ion <d‘ its solution in hydrochloric* a,eid also readily 
takes plaee.’* In aleohol jind elh(‘r it diss()lv(*s to a, grecai solution ; in 
stilphurie arid its solution is ))luish gr(‘(‘n and in nitric, acid e.olourless ; 
alkaH<*s dis.s<tve it with production of the hydra.t(id dioxide and a 
m(»l y hdat e. 

Oxychlorides* Sevi’ral have h(.‘eu d(‘S(n'il)ed. The compounds 
Mo.O^C'bi ami luivi* l)(H*n stattal ^* to Ixt forrned by the reduc- 

tion <d' tin* o\\(*hioride MoOC'fi (s(‘e Ix'low). 

9'he ciUNpuuntl was sta.ted l)y Bloiristrand ‘M;o be formed 

* in n(irs.Mii, Pni*\ Pfitm. Sot\, 1903, 19, 245. 

PMoralH-jm iiad la. Pm, 1922, 56 . Ik 2228. '* CliiloHoUi, loc. cAt. 

innuiUi.fua. prakt. rhnrk, 1857, yi, 457; .I)(4)niy, (■ompt. rend., 1858, 46 , 1098. 
n«4.ni> iiUuSutrtl Ol tia/u'otiipound tlurrt>rmuliCMu(4^^^^ ('f. l.nuiliU and Ke-nips irmaZw, 

169. 

I'raie aiet Kuddiaf/, Tmnn, ('hem. Por., 1999, 95 , 1504. 
tit, 

’> Prtia>, timid, nml, 1808,66,722; \SiMy IHm^fUtlUrn T(A 
nus ; f Mi, /f niu, \ 91H, i.. 098 ; Liixint*r anti CtewarkerH, Itvr., 55 , B, 1468. 

» Kltrriif.'ia, ./. Amn\ (%m, Sm, 1895 , 17, 281 . 

^ taiK'luiff .t»«. (1nm. Phijn,, 1991, {7 j, 23, 507 ; NtaxlniHlijind, iter., 1901^ 

SVm al's* hluub ‘/. Phitm'id OVxm, 1912, 17 , 592. 

o VuHUivh, Anmitru, 1889,201, 122. 

** Bleiiiniotiid, d, pToki. Vhtm.f 1867, 7^> 
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as reddish-brown, fusible crystals by condensation of the brown vapours 
which are produced when chlorine is passed over heated molybdenum 

sesquioxide, MoaO,. , . , , , , • t ^ i , i 

The oxychloride MoOjCla is obtained when chlorides of molybdenum 
are heated in the air, and, among other compounds, when the dioxide, 
or a mixture of the trioxide with earbon, is heated in chlorine, ^ or 
when molybdenum trioxide and phosphorus trichloride are heated 
together ; ^ it is not formed, however, when a mixture of common salt, 
sufphuric acid, and molybdenum trioxide is heated ^ (c/. p. 28 ). A 
pale yellow amorphous substanee, soluble in water and alcohol, it is 
easily sublimed, and is reduced on heating in hydrogen or carbon 
monoxide to the dioxide. 

The compound M03O5CI8 is stated to be a stable red crystalline sub- 
stance which is produced on heating the compound MojOgClg ; the latter 
is a violet crystalline deliquescent body, soluble in water, produced by 
reduction in hydrogen of the oxychloride MoOCl^.^ It sublimes on 
heating; when heated in the air it is oxidised to the oxychloride 
MoOgClg and chlorine ; its aqueous solution is unstable. 

oxychloride M0OCI4 is formed on heating in chlorine a mixture 
of molybdenum pentacWoride and the compound MoOgClg : 

2MoCl5+2Mo02Cl2-f Cl2=4MoOCl4 ; 

or by using instead appropriate quantities of the metal and the dioxide. 
The substance is considered by Nordenskjold ^ to be a mixture in vary- 
ing proportions of the pentachloride with the oxychloride MoOaClg. 
The crystals obtained, on purification by sublimation, have a dark 
green colour and metallic lustre. They readily fuse and vaporise, and 
are affected by sunlight. The aqueous solution is unstable ; on heating 
alone, the compound MoaOjClg is formed; while in hydrogen it gives 
the oxychlorides M03O3CI, and MoOgClj, molybdenum dichloride and 
molybdenum. 1 

The following compounds have also been prepared : ® M0OCI3. 
2NH4CI, MoOCl3.2KCl.2H2O, MoOCl3.2RbCl, M0OCI3.2CSCI, together 
with similar compounds with certain organic bases. 

Chlormolybdic ' Acids. — The compound MoOCl2(OH)2, molyb- 
denum hydroxychloride or dichlormolybdic acid, is readily obtained by 
passing hydrogen chloride over any heated oxygenated compound of 
molybdenum. Fine white unstable needles are obtained, the aqueous 
solution of which deposits on evaporation amorphous molybdic 
anhydride. The substance is also soluble in ether, with which it forms 
a crystalline compound.® An alternative method of preparation of 
dichlormolybdic acid consists in cooling a solution of molybdic acid 
saturated with hydrochloric acid.'^ 

^ Blomstrand, J. praJet. Chem., 1857, 71 , 462; Piittbach, /hmalen, 1880, 201 , 123. 

2 Schiff, Annahn, 1857, 102 , 116 ; Michaelis, Jahresber., 1871, 24 , 249 ; Scluiltze, 
J. prakt. Chem., 1880, [ 2 ], 21 , 441. 

^ Rose, Pogg. Annalen, 1848, 75 , 319. 

^ Nordenskjold, Ber., 1901, 34 , 1572 ; .Klason, tbid., 1901, 34 , 148. 

® Klason, loc. cit ; Nordenskjold, loc. cit. ; Henderson, Proc. Chem. Soc,, 1903, 10 , 
245. 

® Debray, Compt. rend., 1858, 46 , 1101 ; Pechard, ibid., 1892, 114 , 173 ; Vandenberghe, 
Bull. Acad. roy. Belg., 1895, [3], 29 , 281 ; Smith and Maas, Zeitach. anorg. Chem., 1894, 
5 , 280. 

’ Weinland and Knoll, Ber., 1904, 37 , 569. 
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1 riclilonnolybdu! acid, MoOCls.OH.yllgO, is obtained ^ by the action 
01 lunun<>’ hydrocliloric acid on the hydroxy dichloride. 

Cji‘siiini ruhidiuin, ammonium, and certain ori,umic trichlormolvb- 
datc‘s luu'c been |)rc])ared.i ‘ 

Mo 3C1,(OH)2.2H20 and Mo3CldOH).>.8HoO, 
or |lVh);jC l.i.!iIlo()l(()II)o.01l2O (see p. 124 ), are obtained by precipita- 
tion with a,c( 4 ;ic acid, before or alter saturation with carbon dioxide 
r(‘siH‘clively, of a solution of molybdenum dichloride in potassium 
hydroxide. ^ 


Mot.ybdenum and Beomine. 

Molybdenum Dibromide, MoBr*^, is obtained by heating the 
tiibroimde, or by strongly heating the metal in bromine vapour.^ It 
is a, i‘(‘ddish-yc‘llow sTilistancc, stable in air, insoluble in water and in 
acids ; m dihdx^ alkalies it is soluble with formation of a hydrate, but 
by (‘on(‘ca\ trail'd alkalies it is decomposed. For reasons similar to those 
ap]>lymg III tlu^ ca,s(‘ of the chloride (see p. 128 ), the formula of the 
broniidi' is considi'red to be (Mo.jBr,j)Bro.'^ 

^ Molylxlenum diliromide forihs a hydroxy-compound Mo3Br4(OH).>, 
ol winch the oeta- and di-liydrates have also been obtained.^ In addi- 
tion, a, ///e/rcfrrm/i'iA', Mo.jllr^Fg.^HoO, and of molyb- 

denum, M()3(n4Br2.:}ll2(), Mo.jCl^llr^dilL/), and Mo3CL>Br4.3lL>0, and 
the hydrori/elfhym^^^^ M03Cl4Br.OH.2H2O, have been prepaxed.^^ 

Molybdenum Iribromide, MoBr.j, is foimed when liromine- 
\^a|)()ur is |)ass(xl over moderately lieated molybdenum or over a mixture 
o( tlie dioxide^ witli carbon. The compound sublimes, rc'condensing to 
dark grixai crystids, wliich tend on lieating to deconpiose into bromine 
and th(‘ dibromidiy and which are insolulile in water, dilute ac'ids, or 
alkaJii's ; tJu'y dissohxy liowever, in concentrated alkaJies, the bromide 
undergoing liydrolysis.^^ 

By (‘h'clrolysis of a solution of molylidie anhydride in hydrolyromic 
acid, using a, mi'rcury catlioile, a iiuriihsli-red solution is obtaincxi, which, 
on addit ion i>f arnmonium chloride andsubseejuent eva|)ora,tion, deposits ^ 
dei'p l)lood-r<‘d (‘rystals of the double bromide (NH4).>MoBr3.2HoO. 

Molybdenum Tetrabromide, MoBr4. During tlie }>re])a.ration 
of l.h(' tribromidi', a, ci'rtafm (piantity not only of oxybromidc's (q.v.) 
but: also ol I hi' li'trahromidc is tVirmed, tlie latter forming bhick fusible 
lU'edli's solubh' in wati'r and hydrolysed by alkalies.^* 

Oxybromide. Molybdeimm forms ‘ an oxybromide, M()()2Br2, 
which may be obtained (a) !)y tlie intcraetion of bromini‘-va,ponr^an(l 
hi'atcd molylxh'uum dioxide; (h) liy heating t()gether'|)(>ta,ssiiun bromidi^, 
molybdi'iium trioxid(% and boric or |)hosphoric ai'id ; or (e) by inter- 
action in ]vn\senec of oxygen of molylxlenum trioxidi^ and 'eertaiu 


‘ W'uinland and Knoll, Znlwh. miorff, Ohem.^ 1905, 44 , 81. 

Bloinstrand, ./. pntid. ('hvtu., 1857, 71 , 457. 

'•» Bhnn.st.nind, ibid,, 1859, 77 , 89; ibid,, 1801, 82, 437; AiU'rlx'rfjj, Jalmisbar,, 1872, 
25. 200. 

Mullimann and Nagel, Ikr., 1898, 31 , 1830, 2009; KopixO, Zc.ikcJi. anorg. Client, 
1912,77,289. 

Att{‘rl)crg, {(}('. cit, 

^ Blornst-rand, loc. cit. 

’ Ilns(*nh<*iin and bi, .AVr,, 1923, 56, B, 2228. 8ee also Rosenheim and Braun, Zeitsck, 
itnarg. (Uicm., 1905, 46 , 311. 
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metallic bromides.^ It is a stable but deliquescent crystalline sub- 
stance, having a reddish-yellow colour. 

Dibromomolybdous Acid, MoBrg.O.OH.llHaO, and Tetra- 
bromomolybdous Acid, MoBr4.OH.2H2O, together with salts of 
ammonium, csesium, calcium, lithium, magnesium, and rubidium, and 
certain organic bases, have been described.^ 


Molybdenum and Iodine. 

Molybdenum Di -iodide, Molg, has been prepared ^ by heating 
the pentachloride to redness in hydrogen iodide as a brown amorphous 
powder, oxidised on heating and decomposed by boiling water. 

The red solutions obtained by dissolving molybdenum sesquioxide 
or dioxide in aqueous hydrogen iodide were examined by Berzelius,^ 
but insufficiently to obtain definite conclusions. 

The existence of the compound M0I4 has been suggested by 
Gui chard,® who obtained black crystals on heating together under 
pressure hydrogen iodide and molybdenum pentachloride. 

The ehloroiodides M03CI4I2.3H2O and M03CI4I2.6H0O, and the 
hydroxyhromoiodide Mo3Br4l(OH).4H20, have been described.® 

Oxyiodide.—By heating with potassium iodide a solution of a 
molybdate in hydrochloric acid, a dark red liquid containing the com- 
pound M0O2I is obtained, with elimination of iodine (see p. 179 ).^ 

lodomolybdic Acid, I2O5.2M0O3.2H2O, may be obtained ® by 
treating with concentrated nitric acid a solution containing iodic and 
molybdic acids, or by decomposing the barium salt in nitric acid 
solution by means of sulphuric acid. It yields white microscopic 
prisms which are extremely soluble in water. Normal salts of the type 
I2O5.2MoO3.R2O are precipitated when solutions of the alkali iodates 
are saturated with molybdenum trioxide, and by double decomposition 
the corresponding salts of magnesium, calcium, strontium, barium, 
zinc, nickel, cobalt, copper, and silver have been obtained. 

Rosenheim « suggests for the free acid the formula H2[Io04(Mo04)o] ; 
but the numerous acid salts, obtainable by interaction of the acid with 
alkali nitrate solutions, necessitates the use of multiple formuhe. 
Thus the following potassium salts have been described : 


K2H2 

K2H4 

K4H3 

KaHg 

K8H2 


[I204(M004) 

[l204(M004) 

[l204(M004) 

[l204(M004) 

[I204(M004) 


2 : 

2 ._ 


2 . 


2.3H2O, 

3.5H2O, 

3.I2H2O, 

4.2H2O, 

5.6H2O. 


1 Schultze, J. prakt. Ckem., 1883, [2], 281, 434. 

2 Weinland and Knoll, Zeitsch, anorg, Chem., 1905, 44, 81. 

® Guichard, Compt. rend., 1896, 123, 821. 

^ Berzelius, Traite de Chimie, 1847, 4, 379. 

® Guichard, Ann. GUm. Phys., 1901, [7], 23, 563. 

6 Blomstrand, J. prakt. Chem., 1869, [1], 77, 89 : 1861, 82, 423. 

’ Berlin, ibid., 1850, [1], 49, 444. 

« Clxr^tien, Comyi. rend., 1896, 123, 178 ; Ann. Chim. Phys., 1898, [7], i?, 358 • Blom- 
strand, J. prakt. Chem., 1889, [2], 40, 305 ; Rosenheim and Liebkneoht, Annalen, 1899, 
308, 48. ’ ' 

p 1008^ Handbuch der anorganiscjien Chemie (Leipzig, 1921), vol. iv., i., 2nd half, 
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Coinplex salt.s oC composition ■H2O5.3Mo0,.4Air,0 and 4l,Or. 
IiaA'e also l)een, described.^ 

Periodomolybdic Acids, H 5 lOfl(MoO,), H 5 lO„(Mo 03 ),, and 
Hr,IO„(MoO.,),;, liilvc Ix'cii described, “ and some metallic salts have 

been })re|)ared. 


M()i.ybdknum and Oxygen. 

()xi(l(‘s oT iiiolylxlciiuai oorrespondiu^’ to tlic Ibriniilic MoO.,, 

a,iul IMoOjj are kiiowa to exist ; that represented by tlie last ibrniula, an 
a.ei(ld()nnin,t!: oxide, Inis been, studied in ^u’eatest detail. The inter- 
nu‘(lia,t(‘ !)lue (hvide of inolybdenvnn, obtained by the reduction of the 
l,rioxi(l<‘, is well known, but its coniposition cannot be considered to be 
sal islaelorily scdthxl ; tlu‘ forinula Moj^O^ is usiuilly ascribed to it. 

MolybdoUvS Oxide. Tlu^ black precipitate obtained by addition 
of causli(‘ soda, lo a, solution of tnolybdenuin dichloride or diliromide, 
originally I hou^U'ht lo l)c‘ hydrated rnolybdous oxide, has been shown ^ 
aetiially to \)c the sescpiioxide. 

Molybdenum. Sesqtiioxide, is olitained by suitable re- 

duction <d' th(' dioxid(‘ or trioxide, e.g, by rna^'nesiuin, zinc, or, pre- 
lerably, zinc eoatial udtli eadiniuin, aiul snlplmrie or hydroctiloric 
acid,*’ and is a|>|)arently known only in the hydratcxl condition.'^ The 
hydroxid<^ Mo{()H );j, wliiidi may also be obtained ehxvtrolytically,*^ was 
lirst pr(‘par(‘d by lh‘rz(Tius l)y tlie action of zinc and a slij.>’ht excess 
of hydrotdilorie acad upon an a.queous solution ol‘ an alkali molylidate ; 
a seri(*s of colour eluin^^es ta,kes the cnlourless licpiid bcxximing 

bhu\ llun brown, and ruudly black. On a,ddition of a.innionia the 
hydr()xid(‘ st‘pai-at(‘s as a. brown ])owdcr, whiesh may be freed from traces 
of zin<‘ sails by washing with veay <lilut(^ hydroehlOrie. acid.*^ Further, 
the hydraltal sosquioxidt^ is olitained hy int(‘ra.ction of potash or 
soda., and inolybdenum di(‘hlorid<* or dil)romid(‘, hydrogen. Ixang siinul- 
ta.ncously <*V(d v<'dd'*^ wluaHxis a salt of the sa,nu^ oxides is obtained upon 
r<‘diiclion of a. solut ion of molytxlie ax*id in hy<lrochlori(! acid by means 
of <*opper.‘‘^ 'Tlu* nxlnetion of a,mmonium molybdate by colloidal 
palladium, if earrhxl out at ordinary temp(‘ra,ttir(‘s, yietds the tetra- 
liydroxid(* Mo(OIl )|; ^'* if, liowevcr, tlu^ reihu‘tion is (tTected at 50” to 


‘ (’hrt'ilirn, lur, rif, 

Udhunlaam and Li<'l)Unoi*lit> /nr, riL; lilniaHtraiuk ZeitMeh, anorg. (Jh(m., 1892, I, 10, 

‘ fUunuitnnul, ./. itmkt, 1851), |11, 77* ttl. 

^ Miithmnnn and Nax«‘l, //rr., 1898,31, 1880,2009. 

Sur Brr/uUtis, Annalrti, 1820, 6, 809; bloiaHtraud, ♦/. prakL Ohemh., 1857, 71, 

45ti ; K}unmclnli(*rx, IHtJO, ( I j, 97, 174, 

“ (1iu|uiuui and l\aw, UH)7, $2, 250 ; ltaiida.ll, A)nr,r. J. Nr/., 1907, |4 |, 24, 818, 

' (Juicluu'd, Anfi, i*hinh. IlHll, I?), 23, 504 ; Mul-hnuinn, Annalen^ 1887, 238, 

lOK; Mamnu4.d>rj'i.r, ./. jtrakt, 1800, [I], 97, 174. G/. Sva-ulxag a.n<l St.ruv(^ ibid^ 

1848* 44, 257, 

WhriTN' and Smith, Afiirr. (Vtenk Nnr., 1907, 29, 800 ; Smitli, Nrn, 1880, 13, 751 ; 
Smith and Ihhdunriiin, .Innr. G7xm 1885, 7» 90. 

^ Ortv.rliu ., Ibh/tj. . l/nuthti, 1820, 6,809# 

Sru iitat ( i, Zf itHch. 1900, 12, 140, 197, 

Blom.itrund, prtikl. 1857, 7^* 450. 

»•' BhmuUrand, Hud,, IH50, [ 1 1, 77, 91; Muthimmn and Na,jj:(d, 1898, 31, 1886, 
2009. 

‘‘‘ Ihimmrl.hrre, /'nw- Anrittlvn, 1800, 127, 290. Hor also Kolxdl, J. praM. Olmn,., 
1H47, 111*41, 158. 

Baal and B»a4nm\ /5r., 1915.48, 220. 

VUB. VU, ; HI. 
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60° C. under a slight pressure, the trihydroxide is obtained as a black 
sludge : 


(NH4 )6Mo,024.4H30 + 21 H =7Mo (OH + 6NH3 + m ^ O . 

Molybdenum trihydroxide is an amorphous black substance, becom- 
ing reddish brown by sIo%v oxidation in the air. On heating to redness 
the substance deflagrates, but does not yield the anhydrous oxide. It 
is insoluble in caustic potash or potassium carbonate solution, but dis- 
solves in excess of ammonium carbonate ; its solutions in acids are 
black in colour.^ 

The salts corresponding to this oxide are dark grey or black, while 
their solutions haAm a dark purple or black colour ; they are only 
slightly oxidised in air. The sulphide is an insoluble brown substance, 
precipitated by hydrogen sulphide or by ammonium sulphide ; the 
chloride, iodide, fluoride, sulphate, and nitrate are soluble. A number 
of other salts have been prepared.^ 

Molybdenum Dioxide, MoOj. — This oxide is produced by a 
number of reactions involving either the reduction of the trioxide or 
the oxidation of the sesquioxide. Thus it may be prepared by the 
action of hydrogen,^ or of a mixture of carbon monoxide and carbon 
dioxide,^ upon molybdic acid ® or mercurous molybdate ; by heating 
sodium or potassium trimolybdate to redness in hydrogen and washing 
the residue Avith Avater ; « by heating sodium trimolybdate with zinc 
and Avashing the residue Avith potassium hydroxide solution and then 
hydrochloric acid ; ’ by reduction of ammonium molybdate with 
colloidal palladium at ordinary temperatures ; ® by heating ammonium 
molybdate, a mixture of sodium molybdate and ammonium chloride, 
or a mixture of molybdenum trioxide and ammonium molybdate, and 
suitably Avashing the residue with ammonia and then hydrochloric acid ■ * 
and by electrolysis of fused molybdic anhydride. “ 

Molybdenum dioxide forms “ violet-blue monoclinie crystals 
pseudo-tetragonal, ’ 


a : b : c=0-9869 : 1 : 0-5765 ; j8=91° 34', 
of density 6-34.“ It is more strongly magnetic than the metal.is The 

1 Isambert, OompL rend., 1875, 8 o, 1087. 

Pidman, Zei^ch. arwrg. dtern., 1902, 29 , 353 ; Pisani, Cmpt. 
reirid., 1864, 59 , 301 ; Eammelsberg, Zeitsch, anal. Cliem 1866 K 203 ^ 

^ Lieehti and Kempe, AnnaUn, 1873, 169 , 344 . ’ 

^ Debray, Compt. rend., 1857, 45 , 1020. 

' ^^oxide is removed by Friedheim and Hofmann {Ber., 1902, 791) as 

oxychloride by heating the oxide in a stream of hydrogen chloride 
« Svanberg and Struve, J. prakt. Chem., 1838, 14 , 301. 

’ Ullik, Anmlen, 1867, 144 , 227 ; Muthmann, ibid., 1887, 238 , 114 
® Paal and Buttner, Ber., 1915, 48 , 220. ^ 

T r ’ ®®^ 2 elius, Traite de Ghimie, 1847, 4, 384 • Uhrlaub 

JaAm6er., 1857, 10 , 197 ; Tuttle ibid., 1857, 10 , 194 ; Berlin, J. prakt.%Um:, 1850 11 ] 
tv! £nnaZen, 1867, loi, 605; Muthmann, he. cit ■ Guiohard 

» M.' ““ ™ '5' ’“*■ 

Stevanowg foe. cit.,- Mauro and Panebianoo {Mem. Accad. Lincei, 1881 131 o 4181 
ST: 0 . 5 " 7? ’ ^ ditetragonal (bi^raidair t i 

Wedekind and Horst, Ber., 1915, 48 , 105. 
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dioxide is insoluhlt^ io \va;t(>r, in hydrocddoric; acid, and in eansiici ])ota.sli 
solntioiu l)ni is at ta(‘ked l)y nitric ac‘id and by iiiscd [)otasli. M: r(alncc\s 
annnoniacal solutions of salts oi' silver, but not tliose of mercury or 
co})|)ia*d 

Hednetion ol‘ a solution of inolylxtic acid by means of lono- dio'cstion 
witli the |)o\vd(n‘(‘d lut^tal (anises the dark blu(‘ solution to assainu^ a 
reddish (‘olour ; (hi addition of ammonia a re(l(lishd)r()wn ])reci[)ite^^^ 
is obtained, oria'inally thouo-ht to be the hydra, te of molybdenum 
dioxidca- but more' rcvmUy considcaxal to b(‘‘ a, hydrate of tlie oxide 
Moo() 5 . 'riu‘ rtal solution bc-fore i)reci[)itation contains a salt of this 
oxid(‘ ; it is eonsiihaa'd probable^ ((tuicliard) that tlu^ dioxide does not 
form salts. A similar r<‘d solution may be obtaimal by electrolysis of 
a sulphuric acid or oxaFK* a.eid sohition of molybdic* acicl, or by licaitin^r 
a hydrocdilorie a(‘id solution of an alkali molybdaie with potassium 
iodid(*.^ Tin* hydralt* MoO^.n/), obtained in tsieh (‘ase by j)recipita.- 
tion with ammonia, is solut>le in water, but is n* precipitated by the 
addition of sails, thus tiehavino* as a, (‘olloid ; the aepuHms solution 
upon ('vaporalion yit*lds lirst a, and rmally a, dark brown insoluble 
hydra h*. '‘I'liouah solutile in annnonium carbonate solution, the 
hydrate in (jU(\stion is insolubh*. in a(|ueous (‘austic potasli ; in the air 
it is readily oxidis(‘d, ^xivin^* tin* bhn* oxide. Tin* salts obtained I)y dis- 
solvin‘( tin* frt^shly })r<‘(‘i|)itat(‘d hydroxide* in acids (the anhydrous oxide 
b(‘in.i»: insolulihy) an*, when anhydrous, black in colour; when hydrated 
t!u*y are* reddish lirown ; s<*\‘(*ral of th(*s(* salts are* known. 

M()lybdeiuim Oxide (Blue), Mo.jOh (?) or Mor^O,., (?). — If a sus- 
])t*nsion ul‘ molybeleuum trioxide* in water lx* heated on a water-batli 
with a lar^’e e*X(*e*ss of j)ow(le‘r(‘el molybdenum, a l)lue solutie)n is e)bta.iued, 
eontainin^?, it is suppose'el,*^ unpoly nn*ris(*(l nu)le*eul(‘s of the* (*e)m[)ound 
Mo.j()„; fait it is by ueHU(‘ans (rrta, in either thrit tliis feirmula represents 
lh(*ne*iunl e*ompositiou of tin* sulistanee, or that tln*re‘ is but one blue oxide 
of molybdenum. ( hi addition of ee'rtain salts |)e>lynu*risa;t,ie)n is (tonsidered 
(Dumanski) to lake* fihiee*, auel the oxide* pa,sst*s to the ceilloid form. 

'rin* blue* oxide may be* pre‘pa,re‘d ” by doulik* d(*(‘()m)K)sition of 
ainmonium dimetybdate* and molyl)ele*num cliloride*, a,nd washing' the 
pre*eipitat (' lirst with ammonium chloride solution and then with water; 
Her/elius ae-eorded the* sntistanee* tin* feirmula MeiC)*^. tMoCXj. llarninels- 
be*r<d*^ ■* blue* oxide, ol)tairn*d by inte*nietiem of seilntions in hydrocthleiriet 
ae*i<l of metlylideaium dioxiele* and trioxlele*, was ^iven the formula. 

MoOo.MoO.j.nllA), wlule* Mat hmaniCs (brmula, was MoO^.lSMeiO.f, i.(\ 
Mo.j( The* blue* oxieh* may alse) be (d)taine*el by re‘duetiou eif a,mme)nium 
molylxlate* by me‘aus of Iiydrieielie* aeiel, l)y luaitiiiej;' in nitreio'en l.be 

oxysulphale* M<u()(H() 4 ) 2 , <ir t lie eixyoxalate ^ or liy 

‘ Sniitli an<l Sham. Ztitm'h, twtmj, C/a'M., 1894, 7» 'U- 

BrrwtiuH, TroHi- dv ( hhnii\ 1847, 4 , 384. 

ltn\, 1901,34, 148. S(*tnelH(rMutliinana, 1887 , 238 , 108; (luicluird, 

}'i ltd., 19(M>, 013, 744. 

^ Orrhattl, (\nfipf. n ltd., lH9t, Il 8 , 804. 

'* Scr I’VrtauOirh iuul 1 4Mm,hnr<lt, Koll, (divui, !k‘ihvfti\ 1915,7* 

** Srf Mot.viaa. I'nittr dr ('hirniv, 1905, 4 , 700. S<*(‘’ uIho Slaw. HnlL S'or. 1808, 

10.30; Muthmami. 1U>\, 1887,20.989; KniHs, .t/exaA'a, 1884,225,20. 

Ihuaanlu, Xiihrh. I fid. Ktdhiulv, 1910, 7*30, 

” Urr/cliu'., t'ttjif, Anttnhn, 1820,6,380. 

'* Kamni<’l" 4 )rr,'j, ihtd,, IHOO, 127* 281. 

Muthmaim, Anntilui, 1887, 238 , lOH. 

“ U'lmUaw aeul XirfatlH, Tmths, (divm. Xor., 1925, 127 , 1311, 1487. 
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electrolysis . 1 Guichard ® considered the blue oxide to be a com- 
pound of the formula MoOa.^MoOs.eHaO, while Junius’ fonmila is 

The blue oxide is best obtained by allowing powdered molybdenum 
to remain for a long time at ordinary temperatures in contact with an 
aqueous suspension of the trioxide, filtering, and then digesting with 
a further quantity of molybdenum. The solution is evaporated in 
vacuo. Cold water used for washing the solid should previously be 
rendered air-free. Another good method of preparation consists in 
precipitating in the cold, by means of excess of a solution of hydrated 
molybdenum tetrachloride, a solution of ammonium molybdate in 
hydrochloric acid ; the precipitate is washed with air-free water in an 
atmosphere of carbon dioxide, and is dried in vacuo. 


It is evident, therefore, that the blue oxide may be obtained in a, 
solid state either by precipitation or by evaporation of a solution. ° 

The blue oxide of molybdenum, which can be regarded as a molyl)- 
date of molybdenum, is a dark blue substance, of density 3-6 at 18 °'C., 
which consists, when obtained by evaporation of a solution, of brilliant 
vitreous particles, giving the substance a crystalline appearance." 

It is a colloid, and is extremely soluble in water, solution taking 
place slowly in the cold but rapidly at 50 ° C. A number of salts, e.g. 
sodium or ammonium chloride, without reacting with the blue oxide, 
considerably reduce its solubility ; other salts, c.g. sodium or mavnesivini 
sulphate, do not exhibit this effect. It is readily dissociated by heat 
into a ^xture of the dioxide and trioxide, and for this reason cannot 
be dried by heat even in vacuo. Oxidation to the trioxide takes place! 
With the dry substpice or in solutions slowly at ordinary temperatures 
but much more rapidly on heating. Its reactions with acids and alkalic‘s 
formula being probably M0O2.4M0O3 ; with hydrochloric 
acid the i^mchloride and tnoxide are obtained, while with caustic 
alkali an alkali molybdate and molybdenum dioxide are produced ^ 
Molybdenum Trioxide, M0O3, or Molybdic Anhydride, occurs 
naturally as molybdite or molybdenum ochre (see p. 1 1 1 ). It is prepared 
from molybdenite, M0S2, by a process consisting essentially of roasting 
with or without admixture with sand, and extraction of the resulting’ 
mass with ammonia. Separation from copper is effected by the uddC 
^Iphide, and ammonium molybdate is crystallised 
from the filtrate. From this compound the trioxide is obtained by 

391' Marchetti, Zeitsck anorg. GUm., 1899, xo, 

“ Gmohard, Ann. OMm. Phys., igoi, [7], 23, 557 : Oompt rend 1902 179 

■R Ohem., 1905, 46, 428. See also Kla^n Ber m/ t iku . 

« 919 ^ "33, 1210; Miller and Prank, J. Amer. OAm SV lOoV 

® r. ■ composition of this oxide. ’ ’ 

Gmohard, Ann. Ohm. Phys., 1901, [7], 23, 520. 

Por deMs of the methods available, see Guichard, he. cit. 

A .^^^ard, he. cit. Marchetti and Bartalini (Zeitsch. anora Ch&m ISQa m 

oritictees aeKtetementl^r^^^^^^^ Guichard 

iTi 

for the islTf'‘iySum bW®af ; eolTrliv^t""*^’ 2864. ’Suggestion 

;poZ|. J., 1852, 129, 139; Wagner, ibid, 1878 20-; 386**HSTm« 

/wd, 1875, I, 1018. ^ O' 205, 380 , Jdonmmn, Ber. uber dte ckem. 
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heatiiii^ in tlK‘ air.* It is prclVa’able, however,^ to evaporate the solu- 
tion of anunoninin molybdate' to dryness witli excess of potassium car- 
bonate, t'xtravl. witli watc'iy evaporate again to dryness, and heat the 
residiu' with sul{)lmr. Alter washing witii hot water the residual 
molybde'num sulphidi' is again treated as already described, and sub- 
linu'd in platinum \"(‘sst‘ls in a current of oxygen.’* 

From wulfemite, mol\'bdenum trioxidc is j)repared by digesting the 
mineral (pri'x iously wasluHl with dilute hydrocliloric acid) with concen- 
tratenl hyelroehlorie a,ei(l ; haul still remaining in solution after cooling 
and liltration is r<‘mo\'ed by the a.ddition oT sidphuric acid, and the 
liltrale is (u aporated to dryiu'ss witli the a.ddition ot a small quantity 
of nitric acid, 'the anunouia. (‘xtraet ol‘ this mass is then subjected 
to the meilmd ol’ pnrilieation prc'X'iously (k‘S(;ril)ed.'^ Another inethod 
(‘onsists in decomposing l lu' liiu’ly jyowderc'd mineral by means ol' 
(‘on(‘enirid(‘d sul))lmrie acid, diluting to precipitate kaul sulphate, and 
evaporating the lilt rate until pnaapitation ot molybdic anhydride occurs.** 

Molybdie aidiydride is a whit<‘ powder whi(*h, on. luaiting, becomes 
yt’llow. It nu’lts at 71)5 witliout decomposition, yielding a reddish- 
brown litpiid,'** which solidifu's on cooling to a yellowish-white fibrous 
(*rystalline mass, ol’ <lensit.y l.U>0(F* at 2(F Ch It sulilimes fairly readily 
in air, rhombic *** (‘rystals, colourless a.nd traiisparent, though small, 
l)eing obtained. Iak(‘ the dioxide’, it is more strongly magnetic than 
tile metal.** 

Reduction <»!’ the trie)xide to tlu’ dioxide of molybcienviru can 1)C 
(’ffe(‘t(*d l>y means of hydrogen, nitric or nitrous oxides, or sulphur 
dioxiele, wl)il<’ by eoniimu’d lu'ating in hydrogen a residue oi’ tlic metal 
is obtaim’d.*’* The t.rioxidc’ is slightly solulih^ in water, yielding a solu- 
tion which is distinctly metallic to th<* ta.st(’, reddens litmus, and turns 
turnu’rie paper lirown. *** 

Molylalie anhydride, if untused, is solubhi in acids with the pro- 
(hietion of a numl)er of eomph’x aetds ; if previously fused it is, how- 
e\aM\ insoluble in acids though still soluble in alkalies, yielding the 
c< ) r fi’s j )< >u d i u g mol y I ) < 1 i 1 1 es . 

* Ucr/.fliu-s ;iM<l \\ (ililor, J ahrvHhv)',^ 185(5, 9 , 374 ; Briaiiucr, ibUL-, 1858, II, 151). 

“ S\ iuihi'n'; iuul S(riiv«‘, ./, ptHild. C'/a ///.., 1818, 44, 257. How jiIho Heubaat iuul Polliird, 
(uuny. C/ttni., 1895, 8, 434. 

' I’llik, Anudlrn, 18(57, 144, 295; Mutluaanu, UmL, 1887, 238, 117. 

‘ Ullik, lor, rit. 

'* t'.llMS'a, Ainitih n, 1852, 83, 215, 

'* A munlM'r tif tjUirr for nrc.jau’uijj; niolylxic'iium (.n(>xi(l(‘. from miiioralH Iiavo 

biM'u (l(*.s(0'ib<'<k S(*r Uoin.M, AiiHiilrn^ 1852,85* 450; (MirinU, Ihntjl. poiu. »/., 1851, 

124. 398; Bucbiu-r an<l Mahler, Amudrtu 1853, 83, 320; VVicln ibid,, 18(51, I18, 43; 
WtUHt.-iii, Ja/irrsbrr., 1852. 5 , 371 ; VVkvke, Annalrn, 1855, 95, 374 ; i)(4)ray, CoinpL rmd., 
1858,4.6,1098. . , o 

.lac^rr ami ( I<*rniM, ZritMh, iiUQiy. (JhrPh, 1921, 1I9» 145; (iroHctuift, ibid., 1908, 

113. See aLa> ('arm*lley, Trails, OhvM. Hoc,, 1878, 33, 273. 

4’hr fu.-ieU (rinxite ou <4eetirolyHiH yieldH, jwxuu’diag to (tuicduird (i4/r/?% (J/duL PhyfH.f 
1901, (7 1, 23 , 517), Uh' eryMiulUae. dioxide, also Blecvkrodts Wied, Aimalmi, 1878, 3, 

Muller,./. Aoii-r. 1915,37,2040; Sehafarik {HUzunydmr, K. Akad, Ifw, 

l('o7/, 18(53. [21, 47, 25(5j givea deiiHity 4*39. Se<5alHo (larm4I<‘y, /or,, rit EggertH (./. pmkL 
(diriih,, 18(50, 79, 198} giv<*>» 4*5 HH tfie deiwity of the Huhlhird, oxides. 

to Nord<*u.dvjr.ld (/'oy//. Annalm, 1801, II2, 100) gives a ; b ; c .U)*3B72 : 1 : 0'4792. 

“ Wed(*kind and Iloi.Ht, Hrr,, 1915,48, 105. 

See (hdehanl, lor. rit. ; also Ehreafeld, J. Amrr. (Jkem. Hoc., 3, 8t ; Blair and 

Whit(i(4«l, ibid,, 1890, 17, 747 ; Stdudt'/.o, «/. ‘pmkt. (Jfmtk, tSBO, [2], 21, 441. 

Midler^ Jaluxabrr., 1800, 13, 159. 
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Molybdenum trioxide is an acidic oxide which dissolves in water 
yieldmg a solution of molybdic acids, and combines with basic oxides 
yielding molybdates. 

Hydrates.— Tvfo definite hydrates of molybdenum trioxide are 
known to exist, ^ namely, M0O3.H2O and Mo03.2H.>0. 

The dihydrate is a canary-yellow substance, of density ll-ia which 
IS dejiosited in a crystalline condition as monoclinic prisins," witli 

a : b : c = l-0950 : 1 : 1-0664 ; /3=90° 41', 

when to a 30 per cent, solution of nitric acid there is added with eon- 
s^tant stirring an equal volume of a 15 per cent, solution of ammonium 
paramolybdate, ammonium nitrate added up to a coneentration of 
10 per cent., and the mixture sown with a few crystals of the dilivdrate.-'' 
Pm® separates from a,nimoniunrmohd)- 

R apparently the diliydratc-.i 'J’liis livdratc 

nimiLTf* ® molybdic acids.'' The solnbilitv, i.c. 

dihytate > "" “ 

Tempera- 
'S 70 7.5 70 

Solubility 0-130 0-257 0-454 0-643 1-076 1-705 1-730 1-7M) 

at curve of the dihydrate cuts that of the nionohydrate 

are^ormc?'^’ distinct varieties of molybdie aeidnmim- 
aie _foimed on concentrating the solution of the dilu-dratc 
at 40 to oO C., a-molybchc acid monohydrate is ibrmed as aslx^slb^^ Who 

whrte n«d es retaiiiing thdr water of oryat.llis.4,°o,„; 'a f 

metS'diSat^LlX' ,*>"• tllo diliyclrato. I,v lioat- 

by treaty f 

the monohydrate is as follows : i^omomiy in waUn ol 

Temperature, °C. 15 20- m f-/. 

Solubility . , ()-2*^7 n n 

J u ij^ 0 2t37 0-29d 0-34 ()-40 ()-47 0.42 0 52 

“•‘''"'“‘'J' “■“'“sooa tra,dl„r,„ati„„ ' 

m 1023. 126. 167; Buf-ge.-, Ml, JII22, 

3 franf. Min., 1889. 12, .745. 

RoI*“SSo6 5o%’2o'’’ 'Ui.l 

vxra;Jia,ni, OJibwi, Is rids 1Q07 nA 9no \7* • /■•/ ^ 

Sohulten. Bull. Soc. franc, 'Min ioo-l -pS V rend,., 1888. 106, 601 - dc 

See also Wohler and '«« 2, 95.’,H3 t' 
638; Rosenheim, i6ifi.,T903 Vd 752 />Vr-. 1903, 36 

® Mylius. he. oil. ’ -3 > - 

1903, 34, 430!^**^ Rosenheim and Bertheim, Zeiisch. anonj. Ohem., 

8 Rosenheim and collaborators, he. cit. 

^ Mazzueohelli and Borghi, OazzeUa, 1910, 40 ii. 241 

refers tojmmj of MoT, pfr^oolrams Davidsohn, he. eit. “ f-iohihility ” 

one another «voNe?thtVormS°^^^^^^^ molybdic add into 
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According to Roseiilieim and Bertheim (loc. cit.), cryoscopic measure- 
ments indicate the existence of octamolybdic acid H2M03O25 ; according 
to Mylius {loc. ciL), although there is no solid molybdic acid corre- 
sponding to telluric acid HgTeOp, colourless molybdic acid in aqueous 
solution corresponds to aZtotelluric acid. 

Forsen ^ describes a crystalline compound of composition H4M03O11, 
which he regards as an anhydride of the fundamental hexabasic molybdic 
acid IltjMojjOig (see p. 137 ). 

A number of complexes of molybdic acid, particularly those with 
aeetylacetone (Mo02[CH(COMe)2]2), with salicylaldehyde,^ and with 
organic acids,'* have been described, and a number of measurements 
made of rotatory power. ^ 

Colloidal Molybdic Acid.— When solutions of sodium molybdate 
(1 molecule) and hydrochloric acid (4 molecules) are warmed together, 
or when a solution of molybdic acid dihydrate is evaporated over sul- 
plvuric acid iinder diminished pressure at 20° C., colloidal molybdic acid 
is formed. From the solution of the hydrosol so obtained, molybdic 
acid is precipitated by electrolytes.® Graham ® considered that, by 
dialysis of a solution of sodium molybdate in hydrochloric acid, he 
obtained colloidal molybdic acid.'^ 

Comi)lex inolyI)dic acids are dealt with in connection with the 
various elements which they contain ; for example, for chlormolybdic 
acids, see p. 12(). 

Molybdates.- "Normal molybdates of the type R’gMoO^ exist in. 
solution l)ut are relatively unstable, and readily form acid salts or com- 
plex ])olymolyl)dates. Thus dimolybdates, R‘2Mo207, can be obtained 
by fusion of nK)lyl)clenum trioxide with sodium or potassium nitrate ; 
triiviolybdatcs, R‘2Mo.j()4(), and tetramolybdates, R‘2Mo40j3, by heating 
niolybcieiuirn trioxide with an aqueous solution of sodium or potassium 
carbonate. l^>V(‘n more Inglily acid salts— for example, octa- and deca- 
molyb(lat(\s cam be obtaineci. Solutions of normal molybdates, when 
trcaitc'd with hydroeliloric acid or nitric acid, yield a precipitate of acid 
molybda/l(^ ; tins rcaiction does not, however, take place with sulphuric, 
acetic, oxalic, or tartaric acids. 

Dilfercmt \dews have been expressed concerning the relation between 
tlie va,rious types of polymolybdates. According to Rosenheim and 
his collaborators,^ the tetramolybdates are entirely similar to the meta- 


Korson, CoiwpL rend., 1921, 172, 215. 

i> . ..I.,:... 



].juul()U, Motiatsh, prihs.s. Akad., 1887, p. 957 ; Klason and Kohler, Bcr., 1901, 34. 3946 ; 
JloscuiluMrn and Jt/ig, ibid., 1900, 33, 707 ; Kimbach and Ley, Z&itscJi. phijstkal Ohem., 
1922, 100, 393. M,t'szl6nyi {Landiv. Versuchs.-Stat., 1905, 61, 321) describes a nicokne 
ammonium molybdate. i 1 

s ItoHenheim and Davidsohn, ZeAtsck anorg. Chem., 1903, 37. 314 ; Wohler and Engels, 
KoLL (Jlwm. Hvihcjlo., 1910, i, 454. 

(IraiuLin, (hynipL rnid,, 1864, 59, 174. 

7 also SabancelT, Chmi. Zentr., 1891, i., 10; Ullik, drmaZcw, 1867, 144, 329; 
1870, 153, 373. Uos(uiheim and Davidsohn (he. cit.) consider that the solutions piwiously 
pn^pared by Oraliam’s method, since not j)reoipitatod by electrolytes, in all probability 
contained no colloidal acids. 

« Xtoscnluam, EcU.k, and Biiisker, Zeitsch. amrg. Ohem., 1913, 79j 
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tungstates (see p. 283), and are therefore I2*molybdic acid hydrates of 
the type 

R-eH,[H2(MoA)6]. 

\vhilst the oetamolybdates, which yield hydrogen ions in aqueous 
solutions, are regarded as hydrogen salts with the same complex anion, 

R-3H,[H,(MoA)6]- 

-The same authors state that two distinct series of decamolybdates exist 
either isomeric or polymeric, one sparingly soluble, and the other readily 
soluble, in water. The paramolybdates, which have been described 
^ various formulae,! appear to correspond with either 3R',0. 
MoOa.aq.- or 5 R' 20 . 12 Mo 03 .aq.® It has been suggested ^ that these 
salts are derived from the hypothetical orthomoiybdic acid HfMoOp 

formulated ^<>207 for oxygen, and may be 

R- 6 [Mo(Mo 20 ,) 303 ]. 

Condensation formula have also been suggested.'’ For example 
ammonium paramolybdate, which has been obtained in the crystalline 
lorm in the anhydrous state, may be expressed by the formula 

(NH,0 )3MoO (O.M 0 O 2 )30.MoO(ONH J3, 

o' ‘"O otter a»mo.uum 
(NH40)3 Mo0(O.Mo02)50.Mo02.0H 

NH 4 O. (OH ) 2 .MoO (O.M 0 O 2 ) 50 .Mo 02 . 0 H.H 20 . 

quantities of hydrochloric acid are added to a saturated 

(NH40)3MoO(O.Mo02),„O.MoO(ONH4)3+«H,0, 

bTiSartiAt^SS “'"'O'’' 0 'ytd..ea, whlohX; 

(RO)3MoO.O.Mo02.0.MoO(OR-).5+nH20 

1924 dera^ganuoUn Ghemie, yol. iv., pt. 1 . 2 iid half, p. 577 (Leipzig, 

am!1865,'9s^3^ 1865, [ 2 ], 23 , 5 ; 

t ^7 ’ >• 

^ Copaux, Oompt. rend., 19li 156 mi ’ ’ 78 , 298. 

Posternak, ibid.f 1920, i*?! lOHS 7 9 iq . looi 
172 , 215, 327. ‘ ^ 72 , 114, 597 ; Pors4n, ibid., 1921, 

® Posternak, loc. cit 
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Tlui (•lassiliratioii of molybdates into ortho-, meta-, and para-salts 
is obviously unsatisfactory. There appear to be two main groups of 
molybda-lcs : ^ ( 1 ) the hoxabasic poly molybdates, which include among 
others the ortho- and para-molybdates; and ( 2 ) the tetrabasic poly- 
m()lyb(la.t.c‘s, iucluding the metamolybdates, which arise from the hexa- 
hasic^ sails by liydrolytic rupture of their chain. 

Molybda.t,c‘s cH)ml)inc also with other acidic oxides, forming a series 
of c*om|)l(‘x molybdates, the most important of which are probably the 
phospliomolylxhitc^s (sexi p. lOB). The formation of such compounds as 
diehlormolybdic. a.eid or molybdenum hydroxychloride, MoOCl2(OH)2 
(s(‘e |>. 12 (i), and tlie sulpliate MoO^.SCLj (see p. 160 ), illustrate the 
behaviour of molybdenum trioxide as a basic oxide. 

iiu^ absorption s|)ecl.ra of molybdates have been investigated. 

Molybda.t.(‘s in acpieous solution arc reduced by the common reducing 
ag(mts, yitidiiig solutions which are reddish, blue, green, or brown, 
according to the prevailing conditions. Hydrogen sulphide, for in- 
sta.ne(\ producuvs al; (irst a yellowish colour, changing to green and then 
blu(‘ ; linally a. brown pre(i])itatc of molybdenum sulphide is obtained. 
For furtlua* discussion upon the reactions of molybdates, see p. 177 .^ 

Aluminium Molybdates. Simple molybdates of aluminium have 
not bcaai prcj)a.rcd/^ but by dissolving aluminium hydroxide in solutions 
of alkali tri- or para-molybdates, and allowing to crystallise, salts of 
tlu^ lyp<‘ b obtained. These may be repre- 

s<‘nlt‘d as derivatives of the alkali aluminates thus : R'3Al(Mo207);j.aq. 
Th(‘ following have been described 

B(Nll4)2()j\l203.12M:o()3.11)H2() (or 20 or 22H2O), white, lustrous, 
<puidra,tic crystals. 

BK2().Al2C):,/12M()().^.2()ll20, flat white plates or cubes, stable in air. 
l.ALO.j.l 2 Mo() 3 . 22 ll 20 , ellloresccnt needles. 

IMie l)arium salt, 4lhi().Al203.12Mo0.j.l4/H^^ is precipitated when a 
solubh^ barium salt is added to a solution of the potassium compound, 
'riu^ eompl<‘X, AloO-j. PiMoOjj, is very stable, and similar compounds with 
analogous compU^xx's, containing the sesejuioxides of chromium, cobalt, 
iron, mangan(*s(‘, and nickel, liave also been prepai'ed. 

Ammonium Molybdate,’ (NH4)2Mo04, is obtained by dissolving 
ordimiry ammonium molybdate or an acid molybdate in arnmonia. 
Tlu' (*rystallin<‘ normal salt may l)e ol)tained by careful evaporation, or, 
b(‘tlt‘r,‘ l)y the addition of alcohol at iS"" C., in small prisms of density 
2 - 26 1 , ^ vv'hi(‘h (wolvc; ainmonia in the air and are rapidly decomposed 
l)y wa,ter.^’ 


’ IN).st(^niuk, loc, r.U. 

'* volt Pfordteu, 1884,222,157; KriiHB, M., 1884, 225, 38 ; Tlialen, dww. 

(Jhim, IS()0, 14), iB, 202 ; Copaux, OompL rmid., 1913, 15 ^, 1771. 

S«*(' jili-io Aiuatlorb Alii It. Amid, Lined, 1913, [5], 22, i., 609, 

^ S<‘(^ Struv(\ J. prakl. (Jh<m„ 1854, 6 x, 453 ; Goiitelo, ibid., 1860, 81, 411. 

** (N»|);iux, (Unnpt. mid.., 1913, 15*^, 1771. 

/or. dl. ; BloniHtriuul, J, pmU, Chem., 1857, 71, 449 ; Mall, J. Avicr. Oheni. 
1907, 29, 720. Sett also Martskwald, JHmertation, Berlin, 1895; Banneniior, OompL 
fetid., 1HH2, 94, 1713. 

" 'rh(* ordiuarv salt is the pa.ranu)lybdate. 

» Mari^ntat^, M/rA. Sri. pfujti, miL, 1867, |2], 30, 30 ; Koferstoin, Fogg. Aftmalmi, 185(3, 
99, 275 ; SrhKidcr, Her., 1H78. II, 2212. 

Svauboro and Stnive, Hogg, Ammkn, 1852, 86, 594. 
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Ammonium Dimolybdate, (NH4)2M02O7.H2O, exists 1 as rnoiio- 
ehmc (prismatic) crystals. A compound (NHJ^MoaO^.^NILj has bec'ii 
prepared ^ by addition of ammonium hydroxide of mediutu strcMii>th to 
solid ammonium phosphomolybdate. This substance Ios(\s jiiumonia, 
yielding the dimolybdate. 

Paramolybdate {ordinary amnio}nu}}i aiolylnlafc), 
(NH4)qMo7 024.4H20,^ is the^ salt which is obtained Iiy evaporation 
and crystallisation of a solution of molybdic anhydride' in annnonia.. 
It rorms large crystals, usually bluish in colour owing to tlu' prestaiec' of 
a lower oxide. ^ The substance is soluble in water ; its acpieous solu- 
tion IS stated 5 apparently to contain ions of formed by 

lydrolysis of a portion of the Mo 42044 io' assiinual that; 

the formula of the solid salt is 5(NHa20.12Mo03.7H20.) solut ion 

IS cornpletely reduced by hydrogen in presence of colloidal i)a.lhMliuin 
at ordinary temperatures to molybdenum tetrahyd^oxid<^■ « tiu' rts 
duction goes further if a slight pressure is used and tlu! solution is 
gently heated, a precipitate of the trihydroxide being formed, 'riui 
paramolybdate is stable in air ; on heating it finally leaves a, residue- of 
molybdenum trioxide. From the mother-liquor from which the t.elra- 
hydrate forms a salt, (NHa6Mo,02,.12H,0, may be obtained.^ From 
tne nitric acid solution of ammonium molybdate, which « contains 
also acid ammonium molybdate and molybdic acid,' tlua-e separate on 
standing hydrates of molybdic anhydride (see p. 1 .-l l’) " 

“ <NH,),0.3 Mo 03.H,0, is obtained as 

bv hnlH 1 of ordinary ammonium molylidate, 

y f’.y allowing to stand for a long time or bv tlic addition of 

”isf (NH,),0.5M;0„.3H,0 is also said n' 

Ammonium Tetramolybdate, (NH,)„0.4MoO 2H O 'l'l.;« 
rnonMir'^^^" by the action of warii hy&tric Sid o? nit.rie. Sid 
The sokbilitSaTTs^C ^ transparent triclinic crystals. 

desctibedifbu“m^"*r'‘^'^"‘'^^ 

molybdate, NH,0.(2H):SToWo:igr5?S^^^ hf: 

I Mauro, Mem. Accad. Lincei, 1888, [4], 4, 478. 

3 Ghem. 80 c., 1914, 36, 2372. 

have tin sngvested ^See'Sn Z"’ ^ ‘'-"■'■''■'a-. 

1905. 46, 428)rX‘Sand aid Junius (&i«. 

5(NH4)20.12 Mo 03.7 HoO. ' nlohr (%hid., 1907, 52, 68 ), favour tlici formula 

1897. 1 , 100 ; Marign.-u, 

s s7ndS'lTW.;r( ^-a.mmelsborg, Pogg. Annahn, 1860. 127 20 i 

band and J^i&enlohr, ZeitscK anorg. Ghem., 1907 c ;2 68 87 ^ * 

« Paal and Buttner, Ber., 1915, 48, 220. ^ ’ ‘ 

Kammels^berg, Krijst. Cliem,., 1881, i, 565. 
g ylius, Mr., 1903, 36, 638 ; Rosenheim, ibid., 1903 36 752 

37. ssritStSfr *»”. >»™. 

>«=•• la. «, «=. 

Junius (JZeM. anorg. Ohem 1905 Id 4281 78, 1430. 

Wempe, be. A ’ ’ ^ describes a hydrate witlv 2IH2O. 

iJ,m7!'is.'l8if and others &«. a«or,. 6Va».. 1913, 79, 292; 

- Postemak, Oo^S., 1921, 172, 
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vacuum over sulphuric acid, loses 5H2O, and a further molecule of water 
when heated to 160 '' C. Its aqueous solution at 40 ° C. yields crystal- 
line needles of the trihydrogen ^mtomolybdate ^ NH4O.(0H)2Mo0(0. 

Hexa-, hepta-, nona- undeca-, dodeca-, and trideca- 
molybdates have also been prepared.^ 

The compound NH3.Mo02.(Mo03)2.5ll20 is described® as an un- 
stable brown crystalline substance obtained on mixing an aqueous 
solution of ordinary ammonium molybdate with a solution of molyb- 
denum dioxide in hydrochloric acid. 

The double salts NaNH4Mo30io*H20, 2Na20.7(NH[4)20.2lMo03. 
15H2O, and 3 Na 2 O. 7 (NTl 4 ) 2 O. 25 MoO 3 . 30 H 2 O have been described.^ 

lodornolyhdates, — Three compounds have been described : ^ NH4IO3. 
M 0 O 3 .H 2 O ; (l20,.2Mo03)4.3(NIl4)20.6B[20 ; l 205 . 2 Mo 03 .(NH 4 ) 20 .H 20 ; 
as well as the periodo molybdates,® (NH4)5l06.6Mo03.6H20 and 
(NH 4 )HI 03 . 4 Mo 03 . ' 

Complex molybdates of ammonium, of the types (NH4)3H6[R”' 
(Mo 04)6]7H20, where R- is Fe, Cr, or Al, and (NH4)3B[7[R”(Mo04)3] 
tiH 20 , where R*' is Co, Mn, or Mg, have been prepared,^ as also have 
ammonium rare-earth-molybdates ® and a nicotine ammonium molyb- 
date. The existence has been recorded^® of double salts of the 
following formuhc : (NH4)2Cu(Mo04)2.2NH3 ; CuMoO4.2NHo.H2O ; 

(NH 4 ).Cd(Mo 04 )o. 2 NH 3 ; {NH 4 ) 2 Ni(Mo 04 ) 2 . 2 NH 3 ; (NH 4 ) 2 Co(Mo 04 ) 2 . 

2 NH 3 ; and^^ 3(NH4)2MoO4.Co2(Mo04)3.4MoO3.10H20. 

Barium Molybdates.— The normal salt BaMo04 is precipitated^® 
on addition of aqueous barium chloride to a neutral or ammoniacal 
solution of amrnoiiium molybdate. By fusion of a mixture containing 
sodium molybdate (2 parts), barium chloride (6 parts), and sodium 
cliloride (3 parts), barium molybdate may be obtained as a crystalline 
mass consisting of tetragonal pyramids with a : c==l : 1 * 6232 , and of 
density 4*648 at 19 * 5 ° C. It is practically insoluble in water, 1 part of 
tlie* salt dissolving in 17,200 parts of the solvent at 23 ° C. It is more 
readily soluble in presence of ammonium nitrate. 

Barium Paramolybdate, 3BaO.7MoO3.xH2O or 5 BaO. 
12Mo03.yH20, is obtained by drying in air the flocculent precipitate 

1 Dcsciribfcul by Rosenheim {loc. cit.) as the decamolybdate. 

2 8ee ]). 13(). ' 8ee also Pinkener, Ber.y 1878, ii, 1640 ; Posternak, Compt. rend., 1920, 

171,1213; 1021,172,114. 

Rarnnielsber^^, Pogtj. Annalen, 1866, 127, 291. 

Mauro, (tazzdila, 1884, ii, 214 ; Delafontainc, J. prakt. Chem., 1865, 95, 136. 

(Ihretioii, (Jonipt. rend., 1896, 123, 178 ; Ann. Ghim. Phips., 1898, [7J, 15, 358. 

Bloinsirand, Zeik^rh. anorg. Chem., 1892, i, 10. 

7 Roscnh<‘iin a.iid Sohwer, ibid., 1914, 89, 224; Rosenheim, Pieck, and Pinsker, ibid., 
1916, 96, 139. See also Hall, J. Amsr. Chem. Boo., 1907, 29, 692; Struve, J. prakt. 
Ghenir., 1854, 61 , 449. 

« Barbicri {Atti B. A(xad. Lincei, 1908, [51, 17, i., 540 ; 1911, [5], 20, i., 18 ; 1913, [5], 
22, i., 781 ; 1914, [5], 23, i., 805) describes complex molybdates with cerium, lanthanum, 
neodymium, praseodymium, samarium, and thorium. 

^ Meszlenyi, Landtv. VersucM.’Stat, 1905, 61, 325. 

Briggs, Tra/ns. Chem. Soc., 1904, 85, 672. 

Eliaschevitscii, Zeitsch, Kryst. Min., 1913, 52, 630. See also Eriedheim and Keller, 
Eer., 1906, 39, 4301. 

iSvanlx'rg and Struve, J. prakt. Ghem., 1844, 44, 257. 

•=> Schultzt', Annalen, 1863, 126, 49. 

Hiortdalil, Zeitsch. Kryst. Min., 1887, 12, 411. 

(l|ark(* a/Mcl Marsh, Anier. J. Sci., 1877, [3], 14, 281. 

Smith and Bradbury, Ber., 1891, 24, 2930. 
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resulting on addition of aqueous barium chloride to a solution of an 
alkali paramolybdate. If the precipitation takes place at ordinary 
atmospheric temperature, the composition of the product ^ is repre- 
sented by 5BaO.12MoO3.20HaO or 3Ba0.7Mo03.12HoO ; precipitation 
at boiling temperature yields 5BaO.12MoO3.10H2()r By allowing a 
solution containing barium chloride (1 molecule) and amiiioniiini para- 
molecules) to crystallise, the double salt 3(NII,)o(). 
3Ba0.14Mo03.12ll20 has been obtained.^ 

Barium Trimolybdate, BaMo30io.3H20, is obtained by the 
addition of aqueous barium chloride to a solution of an alkali lihnolyl)- 
date as a white fiocculent preeipitate which, on drying, l)econH\s horny. 
Ihe hydrate is slightly soluble in water. On healing to redness ‘it 
melte, and the liquid on cooling sets to a yellow crystalline mass. 

Barium Metamolybdate, BaMoiO,.,. 
SHgO or Ba3H4[H2(M02O7)6]*12H2O,^ is precipitated wlien a solution 
containing barium chloride and sodium octamolybdate is wiirmed, or 
when barium octamolybdate is treated with hot water.’^ On luuUing to 
120 C. the compound loses four-fifths of the water iirc^scmt, which 
I2H2O in the above constitutional l‘orinuIa,. The 
addition of barium chloride to a solution of sodium tetramolvhdate 
yields the hydrate 2BaMo40i3.7H20.« * 

BaMo80,,.18H,0, or Barium 

may he 

prepared by double decomposition of barium chloride and c‘oncentra,tt‘d 
sodium octamolybdate solution ; ® by the action of barium ctarbouatc ou 
a hot solution of molybdic acid dihydrate and evaporation ol‘ the resiilt- 
’ y. an aqueous suspension of barium molybdate 

allowing the solution to crystallise ai; room 
SS ^ \ 1 crystallises in lustrous |)risms which are only 

molybdate. On heating, the octamolybdate decomjioscs with loss of 

ImoTuhom has been obtained as a white 

amorphous powder, soluble in hot and cold water, by treating a solu- 
tion of ammonium tetramolybdate with barium chloride « 

deseribedT BaMOeO,„.4H,0, has also lieen 

Beryllium Molybdate, BeMo04.2H20, may be Dieuared « bv 
‘^olr beryllium hydroxide and inolybdie acid 

concentration an oily liquid separates, whicli gratluallv 
rnsmuth of needle-shaped crystals of the above eomposition." 
Bismuth Molybdates.— Specimens of native bismuth niolvbdafe 

Sr^rt^Bl lMoO Saxony.^ The 

normal salt Bi2(MoOj3 is obtained as a lemon-yellow prmujhtate on 

1 Jumus, ZeitecA. aiairj,. OAem., 1905 , 46, 428 . Of. Wemne ibid ini‘> -7« ‘xts 

- Westphal, Dissertation, Berlin, 1895 ^ 

^ Svanberg and Struve, loc. cit. 

Wempe, loc. cit. ’ ' 

^ Rosenheim and Schwer, Zeitsch. anorg. Ghem 1914 80 '■>‘>4. 

Rosenheim and Woge, ibid., 1897, 15, 28^ ’ 

Schaller, Bull, U.8. Geol. Survey, 1916, 610, 10. 
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adding a solution of bismuth nitrate to potassium molybdate solution. 
It dissolves in water, 1 part of the salt in 500 parts of water, and also 
in acids. It crystallises in the tetragonal form with a : c=l : 1*5686, 
the crystals resembling those of lead molybdate,^ and having density 
6*07 at 15° C. The melting-point of bismuth molybdate is 648° C.^ 
Under certain conditions bismuth may be quantitatively precipi- 
tated from a weak nitric acid solution by means of excess of ammon- 
ium paramolybdate, in the form of bismuth ammonium molybdate, 
Bi(NH4)(Mo04)2.^ 

Cadmium Molybdates.— The normal salt CdMoO^ is obtained as 
a heavy white precipitate when a soluble cadmium salt is added to a 
solution of an alkali molybdate or paramolybdate. The precipitate is 
readily soluble in mineral acids, ammonium hydroxide, or aqueous 
potassium cyanide.^ By fusing together sodium molybdate (2 parts), 
cadmium chloride (7 parts), and sodium chloride (6 parts), the salt may 
be obtained as lustrous yellow crystals.® 

Cadmium paramolybdate cannot be obtained ® by double decom- 
position. The salt 2 (NH 4 ) 20 . 8 Cd 0 . 12 Mo 03 . 9 H 20 has been described,’^ 
as also has the ammonio double salt [Cd(NH 3 ) 3 ](NH 4 ) 2 (Mo 04 ) 2 .® 

Cadmium Octamolybdate, CdMo8025.7H20, has been described.® 
Caesium Molybdates. — The preparation of the normal salt has 
not been described,^® but the following polymolybdates have been 
obtained: 5 CS 2 O.I 2 M 0 O 3 .IIH 2 O ; 2 Cs 2 O. 5 MoO 3 . 5 H 2 O; CS 2 O. 3 M 0 O 3 . 

H 2 O ; Cs 20 . 4 Mod 3 . 8 li 20 ; and Cs 2 O. 5 MoO 3 . 3 H 2 O. By treating the salt 
last formulated, the pentamolybdate, with concentrated nitric acid, a 
yellow amorphous powder is obtained which has been described as a 
hexadecamolybdate, CS 2 O.I 6 M 0 O 3 . 8 H 2 O, but such composition is very 
doubtful. 

Calcium Molybdate, CaMoO^, occurs with the tungstate in the 
mineral powellite (see p. 111 ). The normal salt is formed as a white 
precipitate when calcium chloride is added to a hot concentrated solu- 
tion of sodium molybdate. It may also be obtained, in a manner 
similar to that used for the barium salt, as white microscopic crystals,® 
tetragonal bipyramidal, with^^ a : c=l : 1*5457. 

Calcium Trimolybdate, CaMo 30 io* 6 H 20 , is prepared by boiling 
an aqueous suspension of calcium carbonate with excess of molybdic 
acid,^^ and allowing the filtrate to evaporate. Silky needle-shaped 
crystals separate which dissolve readily in hot water. 


^ Zambonini, Oazzetta, 1920, 50, it, 128. 

A thermal investigation of the system PbMo04“-Bi2(Mo04)3 has been made by 
Zambonini, he. cit. 

3 Riederer, J. Amer. Chem. Soc., 1903, 25, 907 ; Miller and Frank, ibid., 1903, 25, 919 ; 
Miller and Cruser, ibid., 1906, 27, 116. 

^ Smith and Bradbury, Ber., 1891, 24, 2930 ; Junius, Zeitsch. anorg. Chem., 1905, 46, 


428. 

s Schultze, Annalen, 1863, 126, 49. ® Jumus, he. e%t. 

’ Manassewitsch, Dissertation, Berne, 1900. 

8 Briggs, Trans. Chem. Soc., 1904, 85, 674. ® Wempe, he. cit. 

^8 See Retgers, Zeitsch. physikal. Chem., 1891, 8, 6. 

Rosenheim {Zeitsch. anorg. Chem., 1897, 15, 180), Ephraim and Herschfinkel {ibid., 
1909, 64, 263), Wempe {he. cit), and Muthmann and Nagel {Ber., 1898, 31, 2009), were 
unable to prepare the trimolybdate. 

12 Ullik, Annalen, 1867, 144, 204, 320 ; Smith and Bradbury, Ber., 1891, 24, 2930. 

^8 Hiortdahl, Zeitsch. Kryst. Min., 1887, 12, 411. 

Ullik, he. cit. 
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Calcium ammonium paramol3^bdate, to which th(‘ hu'iriiihi 
Ca(NHj3Hg|H2(Mo04)6].9H20 has been piiven,^ s(‘[)ara,l,('s in white 
needles ^ when ammonium paramolybdate solution is trcaited witli 
calcium chloride. 

Calcium Tetramolybdate has not been obtained in tlie crystal I iiu^ 
condition. It remains as a vitreous mass, of composition CaMoiOi.j. 
QHgO, when the liquid, obtained after boiling an aqueous sus])c‘nsi()n 
of calcium carbonate with molybdic acid and filtering, is eva,pora,l.<‘(l 
rapidly to dryness ,* ^ if the solution is allowed to stand tlic trimoh- 1 )- 
date (see above) is formed. 

CaMo8 025.18H.,0, or 

(M02U7)6]2.22H20,^ separates in prismatic crystals wlicn a solution 
r molybdate in hydrochloric acid "(containiiiif 1 molecule 

CaMo04 to 1-75 molecule HCl) is allowed to evaporate.* 'I’lie crystals 
dissolve readily in hot water. On heatinpf, water is <>ivcu up, and the 
residue fuses. An octamolybdate, of composition ' t'aMo^()„..17II.,(), 
sepa,rates as an amorphous powder * when aqueous solutions eontaiuriu-' 
calcium chloride and sodium tetramolybdate in equivaJent proportions 
are mixed. The preeipitate is only slightly solulile in hot water. .V 
dodeeamolybdate, CaMoi203,.23H20, has also been described.* 

Chromium Molybdates.— Simple molybdates of chromium Imve 
not been prepared, but a series of complex salts, analogous to tliose of 
aluminium (see p. 137 ), of the type 8R-20.Cr26.,.12Mo0...aq., mav lie 
prepared by the action of chromic hydroxide on"sohitions of acid molyb- 
dates, or by boiling together solutions of chromic salts and iiararnoKd)- 
r n to crystallise.® The ammonium salt, 3(NII,)A) 

Sl&O^MT? 26H2O), and the potassium salt, 3 K., 0 .t’r.>b.,. 

Ind rose-coloured crystals whicli are solulilc in watci-, 

and whose solutions give precipitates with barium, bismuth, ciesiuni 
lead, mercurous, rubidium, and silver salts. All these insoluble eoiu- 
pounds contain the complex Cr20„.12MoO,, whicli anuears to nov;«o«« 

chromimolybdic acid 3 II „0 

Sric'aehi'" decomposing the mercurous salt with hydn'i- 

cMoric barium salts, of composition 4 Ba 0 .Cr., 0 .,. 12 lVlo(), . 

Cohatf described.'^ 

be p^epSed^v^fu^hfer f anhydrous normal salt, CoMoO,„ may 

sodLm chlorMe^ whL ft ? 

■p ‘J .1 when it IS obtained in gTeyish-oTeen ervst'il*^ It 

oimd with iron in the mineral pateraite. The monohvdrate^ 

.oa.e-t’ s 


2 anonj. Ghem., 1916, 96 , 139 

3 Dtssertation, Ber in, 1895. 

Ullik, Annalen, 1867, 144 , 204, 320. 

® W?mperi6<t912! 79» 292. 

J. A»M>-.’^oLf.St*'l 9 oT* 2 Q * 7 ^io ¥“°kwald, Z)w,vf-ria&» Berlin, 189.') ; Hall, 

89 , 224. ’ ’ Rosenheim and Sehwer, Zeitsch. anory. Cfum.., 1914, 

^ Hall, loc. cit. 

I Schultze, Annalen, 1863, 126 , 49 . 

arekwald, he. cU . ; Coloriano, Bull 80 c. chim., 1888, [2], 50, 4 , 61 . 
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hydroxide. On heating, the anhydrous salt remains. The ammonio 
compound Ca(NI:I.j).jMo04.Ii20 has been deseribed.i 

Cobalt Dimolybdate, 2GoMo20,.llH20.--The liquor remainin<^ 
after removal oi cobalt molybdate from mixed solutions of cobalt 
chloride and sodium dimolybdate (see above), when allowed to 
evaporate in the cold, deposits brown needle-shaped crystals of the 
above comimsition. When heated at 100° C. water is lost and thp 
dihydratc^ t’oMo20,.2H20 remains.^ 

Cobalt Trimolybdate, C0MO3O10.IOH2O, separates in rose- 
coloured nc'cdlcs on evaporating the solution obtained by boilino- cobalt 
carbonati^ and molybdenum trioxide with water.® * 


A number of complex salts have been prepared. By interaction of a 
eobaltous salt with ammonium paramolybdate, a light red crystalline 
comi)ound, which may be formulated^ (NH4)3H7[Co(Mo04)e]5H20, has 
been isolated. Sevcn-al sodium compounds, probably of the same type, 
have been descrilied.® A series of green cobaltimolybdates, correspond- 
ing to the a,lurainium and chromium salts, has been obtained® by 
oxidation with hydrogen peroxide or ammonium persulphate of an 
aiiucous solution containing eobaltous acetate and ammonium para- 
molybdate, or by the action of a permolybdate on a eobaltous salt. 
The ammonium salt, 3(NH4)2O.Co2O3.12Mo03.20H3O, yields greeii 
rhombic, crystals. The potassium salt, 3K20.Co203.12Mo0.5.15H^O, is 
olive green, and only slightly soluble in water." The following salts 
have also been prepared: 2(NH4)2O.Co2O3.10MoO3.12H,O ; 3K,o!co.>0, 
lOMoOa.llIIaO; 3BaO.Co203.9Mo03.25H20. " ® 

Copper Molybdates. — The salt 4CuO.3MoO3.5H2O is a heavy 
green amorphous sidrstance which is obtained ® by precipitating a boil- 
ing solution of a chopper salt with ammonium molybdate. By boilino' 
copper carbonate with excess of molybdie acid and water, fine blue 
needles of the compound Cu0.3Mo03.9ri20 are stated ’’ to crystallise 
on cooling. t'op()er ammonium molybdates, CuO.(NH4)20.5Mo03. 
9H2O and t'uMo04.2NIl3.ri20, and the compound (NH4)2Cu(MoOA, 
2NII3, have been described.® 


Ferrous Molybdate. — The anhydrous normal salt, FeMo04, is 
formed by fusing together ferrous chloride, sodium molybdate, and 
sodium chloride.® Molyl)datos in solution are reduced by the addition 
of ferrous salts.’*’ 


Ferric Molybdate, Fe2(Mo04)3.42H20, is obtained as a yellowish- 
brown ])rcH:ipii.at(‘ wlien an aqueous solution of normal sodium molyb- 
date is trcnt(‘d with ferric chloride.^^ If the di- or para-molybdate is 
so ir(‘a,tt‘<l, a, yc^llow |)rceipitatc, of composition Fe2O3.5MoO3.aq., 
scpa,ra,l(‘s ; willi the tetramolybdate a pale yellow precipitate, of 

‘ SomuMisc.licin, ./. praht. Ohem., 1851, 53 , 339. ^ Ma.rckwald, loc. cit. 

Ullik, Annalvn, 1S()7, 144 , 2()4, 320. 

liosonfuMin, Pii'ck, and Idnsker, Zeitsch. anorg. Chem., 1916, 96 , 139. 

Kurria.Ut)v, ('Jhcuh. Zc.it., 1900, 14 , 113; Friedheim and Keller, Ber.^ 1906, 39 , 4301; 
FliaHchindiKC.li, Zvlhrh. Krifst. Min., 1913, 52 , 630. 

** StdTivts Jnh'irshor., 1854, p. 350. 

’ Ullik, K. Akad. IFw. Wim, 1867, 55 , 791. 

^ Struve, JaJirc.Mhc.r., 1854, p. 350 ; Briggs, Trans. Chem. Soc., 1904, 85 , 672. See also 
Hostuiludni, PiiK'.k, and Jdnsker, loc. cit. 

“ Seliulize, Annalrn, 1863, 126,49. 

Struve, J. prakl. (Jlicm., 1854, 6 i, 453 ; Steinacker, Dissertation, Gottingen, 1861. 

Marekwald, Dimirtaiiofi, BeivXm, 1895. 

>2 Marekwald, loc. cit. ; Steinacker, he. cit. 
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composition FcaOg.lOMoOg.llOHgO, is obtained on evaporation. Com- 
plex salts, of the type 3R’2^*F^2^3*12MoO3.20H2O (R‘=NH4, K), similar 
to those of aluminium, chromium, and cobalt, have been described.^ 

Gold Molybdate (?). — A solution of auric chloride, when treated 
with potassium molybdate, yields a yellow precipitate, soluble in 
mineral acids. ^ 

Indium Molybdate, In2(Mo04)3.2H20, is obtained ^ as a white 
voluminous mass when ammonium paramolybdate solution is added to 
solutions of indium salts. 

Lead Molybdates. — The normal salt, PbMo04, occurs in nature as 
wulfenite (see p. 111). It may be obtained in the crystalline form by 
fusing together lead chloride and sodium molybdate.^ The light 
yellow transparent crystals belong to the tetragonal system,® with 
axial ratio a : c = l : 1-5771, and have density 6-811,® hardness 2-75 to 
3*0, and melting-point 1065° C.*^ Lead molybdate is also obtained in 
the amorphous form by addition of lead nitrate solution to a solution 
of an alkali molybdate or paramolybdate,® when it separates quanti- 
tatively as a white precipitate. A basic molybdate, 2PbO.Mo03, and 
an acid molybdate, 2Pb0.5Mo03, have been described.® 

Lithium Molybdate, 5Li2Mo04.2H20, is obtained either by 
boiling together suitable quantities of lithium carbonate and molybdic 
anhydride in aqueous suspension, or by extracting with water the mass 
resulting from the fusion of a mixture containing suitable quantities of 
lithium carbonate and molybdic anhydride. If allowed to crystallise from 
hot solutions, the anhydrous salt is obtained in white monoclinic needles. 
These dissolve readily in water, forming an alkaline solution. If a slight 
excess of molybdic acid is added to the solution, the sparingly soluble 
salt, 2Li20.3Mo03, separates in slender needles. 

Lithium Dimolybdate, Li2Mo207.5H20, is obtained in groups of 
needle-shaped crystals by treating a solution of the normal salt with 
hydrochloric acid.^^ The dimolybdate readily dissolves in hot water. 
On heating, it loses one-third of its water at 120° C., and the remainder 
only at red heat. 

Lithium Paramolybdate, 3Li20.7Mo03.28H20, is prepared by 
the action of nitric acid on the normal salt, the reaction being 

7Li2Mo04+8HN03=3Li20.7Mo03+8LiN03+4ll20. 

The salt crystallises in bundles of needles, readily soluble in water. 

^ Struve, loc. cit. ; Marckwald, loc. cit. ; Hall, J. Amer. Chem. Soc., 1907, 29 , 720. 

“ Richter. See Abegg, Handbuch der anorganisclien Ghemie (Leipzig, 1921), vol. iv., 
i., 2nd half, p. 613. ^ Renz, Ber., 1901, 34 , 2763. 

^ Manross, Annalen, 1852, 82 , 358. See also Dittler, Zeitsch. Kryst. Min., 1913, 53 , 
158 ; 1914, 54 , 332. 

® Zepharovich, Sitzungsber. K. Akad. TTm. Wien, 1866, 54 , 278 ; Koch, Zeitsch. 
Kryst. Min., 1882, 6 , 389. ® Manross, loc. cit, 

’ Zambonini, Gazzetta, 1920, 50 , ii., 128. 

® Chatard, Ber., 1871, 4 , 280 ; Smith and Bradbury, ibid., 1891, 24 , 2930 ; Junius, 
Zeitsch. anorg. Ghem., 1905, 46 , 428. 

Jaeger and Germs, Zeitsch. anorg. Chem., 1921, 119 , 145 ; Dittler, loc. cit. The 
systems PbO— PbMo 04 , PbS 04 — PbMo 04 , PbCr 04 — PbMo 04 , have been investi- 
gated by Jaeger and Germs, loc. cit. ; and the system PbMo 04 — Bi 2 (Mo 04)3 by Zambonini, 
Gazzetta, 1920, 50 , ii., 128. 

Rammelsberg, Pogg. Annalen, 1866, 128 , 311 ; Delafontaine, Arch. Sci. phtjs., nat., 
1865, 23 , 5. 

Delafontaine {loc. cit.) describes also the salt 3 Li 2 Mo 04 . 8 H 20 . 

Ephraim and Brand, Zeitsch. anorg. Chem., 1909, 64 , 258, 
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Lithium Trimolybdate, Li2O.3MoO3.7H2O, 

evaporating a solution of the tetramolybdate, removing' 'VV!* 

molybdic acid and concentrating further, when long,* skniilei 
separate. When fused and ignited in hydrogen, a dark viole . ns lous 
solid, resembling the alkali tungsten bronzes (see p* UB), | 

Lithium Tetramolybdate, Li2O.4MoO3.7H2O, is ol)iaim‘d, by 
boiling lithium carbonate with a large excess of niolyl>di<* acutl, as a* 
yellow amorphous mass which gradually becomes ha.r<l and bru tU:. 
Tetramolyb dates, of composition Li20.3H20.16MoO3.<>*on2U and 
Li2O.H2O.8MoO3.10H2O, have been obtained^ by the acd i<)n <>1 hyjlro-- 
chloric acid on the normal molybdate. The former ynads truMinie 
crystals, and from its solution a trimolybdate conta.ining: 2 or UkO 
has been obtained 

A. iodomolyhdate oi lithium, 2loO5.4MoO3.2Li2O.5l I ^O, iixxil pen odih 
molybdates, UJ.Oq. 6 MoO.,. 1511^0 and LisIOe.eMoOs-OlIot ), Inaat |)r<> 

pared, ^ as well as phospho- and arsenio-molybdates.^ 

Magnesium Molybdates. — The normal molyl><hii(\ MgMoOi, 
occurs native in belonesite (see p. 111). The heptaJei/draie, MgMoO.i. 
TtIgO, may be prepared by boiling an aqueous suspension ot magnesium 
oxide with excess of molybdic acid,^ or by heating a solnl ion eonlaiining 
sodium molybdate and magnesium chloride.^’ In eitluvr east% 1 >\' allovy- 
ing the clear liquid to crystallise below 30 ° C., thin tr^iaisj va rtvut rhon 
prisms, isomorphous with the corresponding sulpluytx^, MgSO^.Tn^O, 
separate. The crystals effloresce in the air and dissol\'<‘ readily in 
water. If crystallisation occurs above 30 ° C., tlu^ pefiiahydraff\ 
MgMo04.5Pl20, separates in large lustrous prisms or taJ>lels ladonging 
to the triclinic system, with 

a : b : c== 0-5264 : 1 : 0-5732 ; a= 80 ° 43 ', ^8 = 98 ° 52 ', y 107 ° 2 H' ; 

and isomorphous with magnesium chromate, MgCh.'(),4.5n2< ). and wiUi 
copper sulphate, CuSO^. 51120 .'^ The crystals have dcmsily 2 - 208 . arul 
are readily soluble in water. On heating, the pentah^nlra.l los(‘s BIL/) 
at 120° C., while at red heat both the penta- and lH^pl.n.-hydral,i\s yi(‘l(l 
the anhydrous salt, MgMoO^, without fusion or decoinposil ion. 

By evaporation of solutions containing equimol <‘(nd a r t|unniiiic.s of 
magnesium molybdate and an alkali molybdate, double , salts of llu* 
type R'2Mg(Mo04)2.2H20 have been prepared ; ^ wliilst. from a solu- 
tion containing equivalent proportions of magncsiiiin molybdate and 
potassium chromate, a double salt, similar in tbinn a.nd iH^haviour to 
the above, and of composition K2Mg(Cr04)(Mo()4 ).2 ll.d ). may be 
obtained.® 

Magnesium Paramolybdate, 3Mg0.7Mo03.20lLj;<), may be 

prepared® by the action of nitric acid on magnc\simn molybdate in 
solution; upon evaporation, small transparent prisms arc oblaimab 

1 Ephraim and Brand, loc. cit. 

2 Wempe, Zeitsch. anorg. Ghem., 1912, 78, 298. 

^ Chretien, CompL rmd., 1896, 123, 178 ; Ann. Ghim. Phgs., 1898, (7 h it;, aas. 

^ Pufahl, Ber., 1884, 17, 217. 

® Struve, J. prakt. Gh&tn., 1854, 61, 453 ; Ullik, Annalen, 1867, 144, 204, 329, 
Westphal, Dissertation, Berlin, 1895. 

’ Struve, loc. cit. ; Delafontaine, Arch. Sci. phya. naL, 1867, [2], 30, 232 ; Wyrtnilioll, 
Bull. Soc. min. de Prance, 1889, 12, 60. 

® Ullik, loc. cit. ; also AnnaUn, 1870, 153, 373. 
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llie salt is readily soluble in water. It is stable at atmospheric tempera- 
ture, and becomes anhydrous on heating. 

From a solution containing ammonium paramolybdate (1 molecule) 
and magnesium nitrate (2 molecules) colourless crystals have been 
obtained,! which may be formulated ^ (NH4)3.Mg.H5[H,(Mo04)6].6ll20. 

Magnesium Trimolybdate, MgMoaOjo.lOHab,"^ obtained ^ by 
drying in air the needle-shaped crystals, which separate on evaporating 
a solution of the normal molybdate containing excess of acetic acid. 

Magnesium Tetramolybdate has not been prepared.^ The octa- 
molybdate MgMo8O25.20H2O ^ or MgO.H20.8Mo03.2()HoO ^ has been 
described, as also has the compound “ 

Manganese Molybdate, MnMoO^, is obtained in the anhydrous 
condition by fusing together sodium molybdate, manganous chloride, 
and sodium chloride.^ By treating normal or acid molybdate solutions 
with manganous salts, ^ the manganese molybdate may be separated 
in the hydrated condition. Several hydrates have been described, 
but the existence of the monohydrate only appears to be established. 
This is a white crystalline powder. 

Polymolyb dates of manganese have not been obtained. A large 
number of complex salts have been described,^ on the composition of 
which, however, differing views have been expressed. 

Mercurous Molybdates. — When a neutral solution of an alkali 
molybdate is treated with mercurous nitrate, the molybdenum is com- 
pletely precipitated in the form of a mercurous molybdate of uncertain 
composition. The precipitate on ignition is converted to molybdic 
anhydride, so that the reaction may be used (see p. 179 ) for the 
estimation of molybdenum. The normal salt, HggO.MoOg, may be 
^ lorm of golden-yellow needles by treating a solution 

of alkali trimolybdate with mercurous nitrate, and boiling the resulting 
yeUowish-white precipitate with the mother-liquid. If the precipitate 
IS immediately filtered and washed until all volatile matter is removed, 
the dimolybdate, Hg20.2Mo03, remains. 

Mercuric Molybdates of definite composition have not been 
prepared.® 

Molybdenum Molybdate, molybdenum blue, the blue oxide of 
molybdenum, has already been described (see p. 131 ). 

Nickel Molybdates. — The normal salt, NiMoO,^, is obtained in the 
anhydrous condition by fusion of nickel chloride with sodium molyb- 
date and sodium chloride. In the hydrated condition it may be 
obtained by crystallising from mixed solutions of nickel chloride and 
sodium molybdate ; in the cold, a green pentahydrate, NiMo04.5H20, 


^ Westphal, Dissertation, Berlin, 1895. 

2 Roseniieim, Zeitsch. anorg.Chem., 1916, 96, 139. 

® Ullik, Annalen, 1867, 144, 204, 320. 

^ Wempe, Zeitsch. anorg. CJmn., 1912, 78, 298. 

® Schultze, Annalen, 1863, 126, 49. 

Chem., 1854, 61, 453.; Coloriano, RwZZ. Soc. chim., 1888, [21, 50, 
451 ; Marckwald, Dissertation, Berlin, 1895. ’ u ^ » 

Marckwald, Zoc. cit. ; Rosenheim, he. cit. ; Struve, he. cit. ; Pochard, Cornpt. rend., 
i8J7, 125, 31; Rosenheim and Itzig, Zeitsch. anorg. Chem., 1898, 16, 81 ; Friedheim and 
oame^on, ibid., 1900, 24, 67 ; Hall, «/. Amer. Chem. Soc., 1907, 20, 720 
® Struve, he. cit. 

^ See Hirzel, Annalen, 1852, 84, 261. 

Schultze, ibid., 1863, 126, 49. 

Marckwald, loc. cit. 
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sc|)a.riil(^s ; whilst, froin a liot sohition, crystals of coinposition SNiMoO,!. 
2! I jO ai'c‘ oLl.aiiual. Froiu mixed solutions of nickel chloride and sodium 
(limolyl)da,tc‘, yellow crystals of the diliydratc, NiMo()4.2H20, are 
(l(‘|)osil,t‘(l ; wluMi sodiviin paramolybdate is employed, green crystals of 
tlu‘ Irimoly bdate, NiO.^MoCXj.lHHgO, separate. 

U()mj>Ic‘x ni(>lybda.tes, of eomposition ^ 5(NlT,i)oO.;5Ni0.16Mo03. 

DJlLjO and .^K./i.J^NiO. l()Mo03.2lH20, may bc‘ obtained by treating 
hot solutions of animonium or potassium paramolybdate with nickel 
siilj>ha,tt‘. Tlu‘ potassium salt is ])robably itior(‘ correctly formulated^ 
as 2K2().Ni().()Mo();;.Sll2(), and appears to (*oniain molecules of water 
of constitution, so t hat it may be considered to be a eompk^x salt ol‘ tlie 
type K.,ll(.| Ni(i\Io() J3I.5H2O. Correspoiidiiig salts of silver and ba,rium 
have l)een ol)ta,in(al by double decomposition.^ Tire sodium salt, 
Na2().2Ni().()IMo().j. 17II2O, ol)tained by treating a liot solution of 
soditirn |)ara,molyb(lat(‘ witli a nickel salt, may ])e f()rrmilated ^ as a salt 
of the same ty|)e, thus : Na.2NiIl,| Ni(MoO,),].l ldl2(). 

Uom})lex salts containing tetravalent nickel of the type 3R'20.Ni02. 
9Mo().j..rll20, may be olrtained * by treating a mixed solution of 
potassitim or a,iimionium parainolybdate and nickel sulphate with a 
|)(‘rsulphate. The potassium salt I'orms as a line dark brown crystalline 
|)reei|)itate, wliilst, the a,mmonium salt yields pur|)le crystals. A barium 
salt, 3Ha,().Ni()2.9Mo().j.l2ll20, is 1‘ormed as a t)rown ])recipitate on the 
addition of })a;riiim chloride to a solution ol‘the anuiioivivim salt. 

Platinum Molybdates. Sim|)le molyl)dates oi‘ platinum have not 
l)een obtained. A number of complex platin(:)molyl)dates of tlie alkali 
mentals, containing tetra, valent i)latinum, liave been described,^ but their 
existence as eom|)ounds has not been conlirmed. 

Potassium Molybdate, K2M0O.P is ol)tained ^ by tlie addition of 
potassium trimolybdate, in small (piantities at a time, to alcoliolic 
caustic ■))otasli solution ; the oily layer wliieh se|)arates is washed with 
alcohol a,nd crystallised over sid|*)lmnc acid. Anotlier rnethod consists 
in (‘using togetlter suital)le proportions of irK)lyt)(lciiiim trioxide or 
airiin<)nium molylxlatc and |)otassiiim carl)onate, taking u]) the mass 
with watca* and crysttUlising over sul|)huric‘ a(*id. The solid melts at 
919" U.,'^ and ap|)ea’rs to exist in four ditreixmt modi(](‘ations {cf. Sodium 
Molybdate, |). 152), since it exhibits ///mM-ra,risf()r points, muncly, 

;327‘' U., 15 C., and 179" The salt is d(di(iueseent and absorbs 

(*ar1)on dioxide i’rom the air. It dissolves readily in water, 100 gra,ms 
of the saturated solution at 25" C. containing O l-SG grams KgMoO^. 
It is insohd)le in aleoliol. 

Potassium Dimolybdate, K2MO2O7, is forined l)y fusion of suit- 
al)lc quaivtitics ol:‘ K2CO.J arul MoO.j, but is unstable ; tlie aqueous 


1 Hall, ,/. .•!///, rr. Chem. Soc., 1007, 29 , 720. 

AUi H. Accad. Lined, 1914, [5], 23 , it, 357. 

MixivkwiiU], loc. cU. 

^ (ai)l)s, A‘mvr. J. iS'd., 1877, [3], 14 , 62 ; 1877, 10 , 1385; A'mer. Ghem. J., 1895, 

17 , 73. 

Svimlxifg aiid Stnivc, */. p^'ukt. Ohem., 1848, [1], 44» ; Peohard, Coni'pt. vend., 

1893, 1 17 , 788; Parnieritier, ibid., 1882, 94 , 213; Dedafontaine, J. prakt. Ohem., 1865, 
I, ft 95 , 156. 

« IJllik, Annakn, 1869, 144 , 208 . 

^ van Kloostca*, Zeikeh. anorg. Ghem., 1914, 85 , 49. ^ . , . n ^ 

^ S('(^ also lliittrier and Tammann, ibid., 1905, 43 , 2,15 ; Amadou, Ath R. Accad. 
Lined, 1913, 151, 22 , i., 453, 609 ; 1914, [5], 23 , i., 707, 800. 

Amadori, loc. cU, 
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extract of the fused mass yields large crystals which immediately begin 
to decompose.^ 

The salt melts at 484° C., apparently without transformation.'^ 
Potassium Paramolybdate, KgMo7024.4H20,^ is readily obtained 
(1) by evaporating a solution of molybdenum trioxide in excess of 
aqueous potassium carbonate, redissolving the dry residue in the 
smallest possible quantity of hot water, and crystallising ; ^ or (2) by 
precipitating such a solution by means of concentrated nitric acid or 
sulphuric acid.*^ The milky liquid obtained by adding sufficient acid 
to redissolve the precipitate at first formed slowly deposits crystals of 
the salt, which cannot be purified by recrystallisation owing to the ease 
with which they decompose, yielding the trimolybdate and normal 
molybdate. 

Potassium paramolybdate crystallises in prisms isomorphous witli 
the corresponding ammonium salt (p. 138 ).« The fused anhvdrous salt 
IS but slightly soluble in water. 

Potassium Trimolybdate, KaMogOio-SH^O (P2H20’’), is often 
produced, either spontaneously or by the action of water, from other 
molybdates (see above). It may be prepared ® by fusing one molecular 
proportion of potassium carbonate with two of molybdic anhydride ; 
the aqueous extract of the fused mass deposits crystals of the trimolyb- 
date. Another method ot 23 reparation consists “ in saturating boiling 
potassium carbonate solution with molybdenum trioxide, filtering, and 
allowing the solution to stand. The salt forms silky needles which 
become anhydrous at 100 ° C., and are less soluble in water than the 
corresponding sodium salt.i“ 

ir Tetramolybdate, Potassium Metamolybdate, 

K2MO4O13.7H2O or K3H,[H2(Mo30,)e].18H20, is obtained 11 as a 
leavy microcrystallme precipitate on warming a solution of sodium 
octamolybdate with potassium chloride. It forms transparent prismatic 
crystals, slightly soluble in water. On boiling with water it yields the 
tnmolybdate. Ihe tetramolybdate is also formed in solution when 
molybdic acid (4 molecules) is treated with potassium carbonate ( 1 - 
k obtaimi mixture must be kept cool or the trimolybdate 

Octamolybdate, Potassium Hydrogen Tetramolvb- 
date, K2MO3O25.I3H2O or K3H7[H2(Mo207)3]15H30 (.see p. 136 ), has 
whmvf crystallise a solution of trimolybdate to 

^8,® been added until a precipitate begins to 
double decomposition of hot solutions of ammonium tetra- 
molybdate and potassium sulphate ; or by saturating a solution of the 

1 Ullik, Annalen, 1869, 144, 208. 

3 Amadori, A ^ccai. Uncei, 1913, [5], 22, i., 609. 

i rliiof + Struve {he. cit.), Delafontaine (he. eit), K«Mo„0„ 6H,0 

r Delafontaine, Pogig. Annalen, 1866, 127, 293. ^ ^ “ ’ 

6 Struve, J. prakt. Chem., 1848, Vl], 44 257 

® Mangnac, Pogg. Annalen, 1866, 127, 293. - 

Junius, Zeitsch. anorg. Ohem., 1905, 46, 428 
® Ullik, loc, cit. 

JO Svanberg and Struve, loc. cit. ; Struve, J. prakt. Ohem., 1854 61 453 
. Eorsen, Compt. rend., 1921, 172, 215. ’ ’ 

I Rosenheim, Eelix, and Pinsker, Zeitsch. anorg. Chem., 1913 70 292 

W?m?eX. itllfvl los. 
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tetramolybdate with sulphur dioxide.^ The salt is decomposed by 
water. 

Potassium Decamolybdate, K2M010O.j1.9H2O and ISHgO, has 

been prepared.^ 

Thiomolybdates, phosphomolybdates, arseniomolybdates, etc., are 
dealt with under the corresponding acids. 

A number of iodomolybdates (seep. 128 ) and periodomolybdates 
of potassium are known.'* 

A large number of complex potassium chromi-molybdates, 
alumini-molybdates, ferri-molybdates, etc., have been described^ (see 
pp. 187 , 142 ). 

Molybdates of the Rare Earth Metals.^’— Salts of the type 
M2 (Mo04).j have been described. The ceroiis salt is obtained as 
yellow cr3^stals b}^ {‘using together anhydrous cerous chloride and sodium 
molybdate. Tlic density of the molten salt is ^ 4 - 56 . The crystals are 
similar to those ol‘ lead and bismutli niol3?^l>dates,^ as also are those of 
“ didymium ” molyl)date.‘'’ 

A numl)cr of coDi/pleiv inMfjbdates have been prc‘pared containing the 
rare earth elements of the cerium group. They Ixave the general 
forniula (NlIi)yM,*'\ 2 Moi 4 () 4 g. 24 ^^^H and form a series of isomor|)hoiis 
salts crystallising in the triclinic system.^ TI1C37 may be considered as 
double salts of tlie paramolybdate series. A well-defined series of 
complex cerinwhjhdate^i, analogous to tlic complex salts of thoriiim and 
zirconium, and derived from an acid of the type 4H2O.CeO2.i2MoOjj.aq., 
has been pre))ared.** The salts do not give the reactions for Ce"*’ ; 
for example, tliey arc^ unattacked l)y liydrogen peroxide, so that the 
cerium ai)])ears to Ixe present in a complex ion, and the formula 
Hg[Ce(Mx)207)olaq. lias been suggested. Tlie neutral amnioiiiurn salt, 
(NH4)g[Ce(Mo207)(j].8ll2^^^^^ is obtained as 3mllow crystals by treating 
an aqueous solution of ainmonium [laramolybdate with a solution of 
cerium ammonium nitrate. By the action ol' dihitc sul])huric acid on 
a solution of tlu^ normal salt, the acid salt, (NH^)(jIl2[Ce(Mo207 )(.,]. 
IOH2O, has been [)rcpared, and by doulile dccom|)osition tlic silver salt, 
Agg[Ce(Mo207)(j], may be isolated. 

Rhodium Molybdates. Complex rhodimolylidates, of the type 

8R‘20.Rh20;j.l2Mo()3.j’n20, and analogous to tlie corresponding com- 
pounds of ahiminium, iron, chromium, and cobalt, have been d(^s(;ribed.*^ 
The animonium salt, 8(NIl4)20.Rh20.j.l2Mo03. 201120, crystallises in 


I lloscMilieim, loc. ciL ; Ro.stmheini, Feli.x, and Iduskcvr, bn. cil. ; Asch, IHmirfMion, 
Burlin, 1902. “ Roscvnluviin and others, he. cit. 

BloniBtrand, J. prakL ChcM., 1889, 12], 40, :105 ; (Uiretic^n, bt'. cit.; BlomHtrand, 
Zeikdb. anorg. Ghe/ni., 1892, 1, 10; Friedheiin and Keilcn*, Bar., lOOO, 39, 4801. 

Struve, J. prakt. Chem,., 1854, 61, 449 ; Hall, J . A nier. (Jhoib. Hoc., 1907, 29, 092 ; 
Eliasclievitsch, Zeibch. Krgst. Min., 1913, 52, 030 ; Barbioi-i, Atti R. Accad. Lined, 1913, 
[5], 22, i., 781 ; Rosenheim and Sohwer, Zdbeh. anorg. Cham., 1914, 89, 224. 

^ See this series, Vol. IV., 1921, p. 265. 

® Didier, Compt rend., 1880, 102, 823. 

’ Oossa, ibid., 1886, 102, 1315 ; La Valle, (JazzeUa, 1880, 16, 334. 

® Zambonini, Gazzetta, 1920, 50, ii., 128. 

0 Barbieri, Atti II Accad. Lined, 1908, [5], 17, i., 540 ; 1911, [5], 20, i., 18 ; Billows, 
Zeitsch. Knjst. Min., 1912, 50, 500. For crystallographic data, see tliis series, Vol. IV., 
1921, p. 265. 

Rosenheim and Bchwer, Zeibch. anorg. Cham., 1914, 89, 224. 

Barbieri, A tti R. Accad. Lined, 1914, [5], 23, i., 805. 

Barbieri, ibid., 1914, [5], 23, i., 334. 
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minute yellow laminae. The potassium salt is similar in appearance 
and composition. 

A series of rubidium molybdates has been prepared. ^ 

Rubidium Molybdate, RbgMoO,!, is prepared by dissolving molyb- 
denum trioxide in a warm solution of rubidium hydroxide ; after 
evaporation, and washing of the deliquescent mass with alcohol, white 
crusts of the normal salt remain. 

Rubidium Dimolybdate, RbgO .2M0O3 .2H2O , crystallises in 
readily soluble prisms or plates from solutions containing some nitric 
acid. 

Rubidium Paramolybdate, Rb6Mo7 024 . 4 H 2 0, is one of the pro- 
ducts obtained by boiling rubidium molybdate with molybdic acid and 
crystallising the solution. A salt with 14H2O has also been noted. 

Rubidium Trimolybdate, Rb2Mo30io.2H20 ^ or SHaO,^ is pre- 
pared by fusing rubidium carbonate with excess of molybdenum tri- 
oxide and extracting with boiling water. Brilliant hexagonal crystals 
soluble in water, are deposited. A hydrate, of the approximate com- 
position Rb20.3Mo03.6-5H20, is a product of the decomposition of the 
paramolybdate by hot water. 

Rubidium Tetramolybdates .—Including the octamoly bdates 
which are regarded as acid tetramolybdates, a number are* knowi/ 
corr^poMmg to the formulae Rb20.4Mo03, Rb.>O.4MoO3.0-5HoO, Rb.C)’ 
Rb2O.H2O.8MoO3.3H2O; the salt RboO.MoOa.Rb^o! 
3M0O3.5H2O IS regarded as a double salt.^ 

(Hher rubidium molybdates are : ^ 4 Rb. 0 . 5 Mo 0 ,. 12 Ho 0 • 5Rb O 

Molybdates. There have been described normal silver 
^ 2Ag,0.5Mo03, and a tetramolybdate Ag„ 0 . 

4M0U3.6H2O, besides the ammoniacal salt Ag,Mo 0 .. 4 NH., (which is 
prepared either by absorption of ammonia by the dry salt or bv 
evapora.tmg an ammoniacal solution of the molybdate with lime and 
ammonium chloride) and ^ a cerimolybdate 

Normal Silver Molybdate, Ag^MoO^’is obtained® as a yellowish- 
vhite floceulent precipitate by double decomposition of solutions of 
silver nitrate and normal potassium molybdate ; it may be obtained ’ 
.« colourless crystal, . by slowly evaporatius' stro. Jy ..^“Seal 
solutions of Silver nitrate and molybdic acid. It is rSidily fusible h 

md aJjii^da.* “ cyanide, 

.imMr ‘•““‘I V » 

78, Hbraohfinkel, ZeiUch. anorg. Ohem., 1909, 64, 2S3 ; Wenipe, ibid., 1912, 

! Mafontaine, Anh. Sci. pliys. nat., 1865, 23. 5 
* Widinann, Bull. 800 . chim., 1873, [2], 20, 64. 

® Barbieri, Atti R. Accad. Lincei, 1913, [6], 22, i., 781 

2934.^''“^®"® ./aWer., 1847, p. 412 ; Smith and Bradbury, Ber., 1891, 24, 

^ Debray, Oompt. rend., 1868, 66, 735. 

^0 Svanberg and Struve, he. cit. 


Wempe, he. cit. 
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The tetramohjbdate Ag2O.4MoO3.6H2O is known. ^ 

An iodomolybdate'“of silver, 4Ag2O.8MoO3.4l2O., has been 
described.^ 320. 

Sodium Molybdates. — A number of compounds of sodium 
hydroxide with molybdic acid exist. 

Sodium Molybdate, Na2Mo04.2H20, may be prepared by fusing 
together requisite proportions of sodium carbonate and molybdenum 
trioxide and crystallising from the aqueous extract, ^ or by neutralising 
a saturated aqueous solution of the trioxide or an acid molybdate by 



warm sodium carbonate solution.^ On evaporating in carbon dioxide- 
free air, lustrous plates, or rhombohedra are obtained. The solubility ^ 
is as follows : ® 

Temperature, ° C. 0 4 6 9 10 15-5 18 32 51-5 100 

Solubility . . 30-63 33-83 35-48 38-16 39 28 39-27 39 40 39-82 41-27 45 57 

the solid phase above 10° C. being Na2Mo04.2H20, and below 10° C., 
NagMoO^.lOligO, as is shown in fig. 8. The solubility curve resembles 
that of sodium tungstate (see p. 227 ). The decahydrate is obtained 
in large striated (efflorescent) prisms, similar to the sulphate, when a 
solution is crystallised below 6° C. On gently heating, the crystals 
yield the dihydrate. 

^ Wempe, Zeitsch. miorg. GJiem., 1912, 78 , 298. 

^ Chretien, ho, cit. 

Svanberg and Struve, J. prakt. Ghem,, 1848, 44 , 257. 

^ Delafontaine, ibid., 1865, 95 , 140 ; Ullik, AnnahUy 1867, 144 , 211. 

® Grams of NagMoO^j per' 100 grams of solution. 

6 Funk, Ber., 1900, 33 , 3697. 

’ Delafontaine, loc. cit. ; Ullik, loc. cit. ; Gentele, J. prakt. Ghem.t 1865, 95» 140. 
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Further heating yields the anhydrous salt, which melts at 687° C.,^ 
and apparently exists in four different modifications, since three trans- 
formation points have been observed. These have been determined as 
follows : 


Authority. 

Transformation Points, ° 0. 

By Heating. 

By Cooling. 

Amadori ^ 
van Klooster ^ . 

Boeke ^ . 

444 592 634 

445 592 * 640 

431 587 619 

410 580 616 


Sodium Dimolybdate, Na 2 Mo 207 , is formed when suitable quan- 
tities of sodium carbonate or nitrate and molybdenum trioxide are fused 
together, and the mass washed free of carbonate or nitrate by cold 
water. The small crystals so obtained are only slightly soluble in 
either cold or hot water. From such a solution in hot water, prisms of 
the monohydrate, Na 2 Mo 207 .H 20 , are deposited.^ 

Sodium Paramolybdate, Na6Mo7024.22H20, obtained by dis- 
solving molybdenum trioxide in a slight excess of sodium carbonate,^ 
by precipitating a saturated solution of molybdic anhydride in sodium 
carbonate solution by means of nitric acid,^ or by interaction of 
molybdic anhydride and borax solution,^ forms large efflorescent 
glassy crystals which readily fuse in their water of crystallisation and 
become anhydrous at 130° C. It is slightly soluble in cold water, but 
quite readily so in hot water. The constitution of paramolybdates is 
discussed on p. 136. 

Sodium Trimolybdate, Na 2 Mo 30 io«(^)^F[ 2 ^»^^ crystallises from 
a saturated solution of molybdenum trioxide in sodium carbonate, or 
from such a solution treated with a suitable excess of nitric acid ; or it 
may be obtained by the addition of a large excess of acetic acid to a 
solution of the paramolybdate. The trimolybdate yields fine needles 
which at 100 ° C. lose 6 H 2 O ; it is rather more soluble in hot than in 
cold water. IS 


1 van Klooster, Zeitsch. anorg, Ghem^t 1914, 85 , 49. 
692° 0. 


Boeke {ibid., 1906, 50 , 355) states 


2 Amadori, Atti R. Accad,. Lincei, 1914, [ 6 ], 23 , i., 707. 

^ van Klooster, loc. cit. 

^ Boeke, loc. cit. Also Groschuff, Zeitsch. anorg, Chem., 1908, 58 , 113. 

® Ullik, Annalen, 1867, 144 , 211. 

** Svanberg and Struve, he. cit. Gentele {he. cit.) affirms the existence of a hei^ta- 
hydrate, but this has not been confirmed. 

^ Ullik, Annalen, 1867, 144 , 218. 

® Zenker, J. prakt. Chem., 1852, 58 , 490. 

® Mauro, Gazzetta, 1884, ii, 214. See also Junius {Zeitsch. anorg. Ghem., 1905, 46 , 
428), who describes a compound 5 Na 20 . 12 Mo 03 . 36 H 20 . 

Wenij3e’s formula (see below) is Na 2 Mo 30 io *6 or'OHgO. 

Wempe, Zeitsch. anorg. Chem., 1912, 78 , 298. 

This solution also contains a tetramolybdate. 

1 '* Svanberg and Struve, he. cit. 

Ullik, he. cit. 

100 parts H 2 O at 20° C. dissolve 3*878 parts ; at 100° 0. about 13-7 parts. 
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Sodium Tetramolybdate, Na20.4Mo03, can be obtained from 
the mother-liquor from the crystallisation of the trimolybdate {q-v.). 
Hydrates with 5*5 and as well as the anhydrous salt, have been 

described,^ but the constitution of the salt usually obtained has been 
stated ^ to be Na6ll4[H2(Mo207)6]2lH20. The salt yields yellow micro- 
scopic crystals. The acid salt NaHMo40i3.8H20 has been prepared ^ 
by interaction of four molecular proportions of “ normal ” sodium 
molybdate with seven of hydrochloric acid. Two octamolybdates, 
Na 2 Mog 025 . 4 ll 20 , or Na 2 Mo 8025 . 17 H 20 , and NaHMog 025 . 4 H 20 ,® which 
may also be considered as hydrogen tetramolybdates (see p. 136 ), have 
been prepared. 

A pentamolybdate, NaHMo;iO46.10H2O,^ and decamolyhdates, of com- 
position Na2Moio03i.l2H20,’^ or possibly NagMoioOgi-GHgO, and 
Na2Moio03i.22ll20,^ have been described. 

The double salt 2Na2Mo04.K2Mo04.14H[20 is known,® as also are 
the salts LiNa3(Mo04)2.6H20 and K2Na4(Mo04)3.14H20.io 

For thiomolybdates, phosphomolybdates, etc., see pp. 160 , 165 , 168 . 

Sodium lodomolybdate, Na2O.2MoO3.I2O5.H2O, has been pre- 
])ared,^^ as have also the sodium periodomolybdates, Na5(Mo03)6l06. 
17II2O, Na^MoOsIO,., and NaHaCNHJ^MoOalOe.SHaO.i^ 

Stannous and stannic molybdates have not been isolated. The 
addition of alkali molybdates to solutions of stannous salts causes pre- 
cipitation of a blue oxide containing tin, possibly as stannic molybdate. 

A eonijilex salt, of composition (NH4)s,[Sn(Mo2O,)6].20H2O, is 
obtained, as a microcrystalline white powder by the action of ammonium 
paramolybdate on ammonium chlorostannate. 

Strontium Molybdate, SrMoO^, is prepared by fusing together 
sodium molybdate (1 part), strontium chloride (2 parts), and sodium 
chloride (2 parts). It crystallises in white quadratic pyramids,i^ with 
axial ratio 

a : c=l : 1 - 5788 , 

and of density “* 4-145 at 21 ° C. It is only slightly soluble in water, 
1 part of the salt dissolving in 9600 parts of water. 

Ilio-her molybdates of strontium are not known with certainty. An 
oetamolybdate', of composition SrMo 8025 . 7 H 20 ^ has, however, been 


Wempe, Zeitach. monj. Ghem,, 1912, 78, 298. 

miKAnnalen, 1867, 144, 324; 1870, 153, 372 

Rosonheim, Felix, and Pinsker, Zeitsch. anorg, Ghem., 1913, 79, ^92. 

Sex'! IJlIik, AmiaUn, 1870, 153,372; Zeidiarovich, Sitztmgaber. K, Akad. Ik?.s 5. Wien, 
i, 58, 112. 

' Ullik, he. ciL ; Rosenheim, Felix, and Pmsker, loc. cit. 

‘ Ullilc, ho. cit. ; Zepharovich, loc. cit. , , 

' Ullik Annalcrh, 1867, 144, 211 ; Marignac, Arch. bci. %mys. nat., I060, 23, b. 

’ .Dilrigonal pyramidal ; a : o = l : 0-8957 ; a = 100° 36' (Traube, ZeiUch. Aryst. iUn., 

^:Dfhextgonal bipyramidal ; a : o = l : 1-2839 ; Marignao, Pogg. A7i,iden, 1866, 127, 

1 riirAtiini Oom'Dt rend 1896,123,178; 6’Aim. P%.s., 1898, [7], IS, 358. 

^ Sen, St ; 1889, [2], 40, 305 ; Copaux, Compi. 

d., 1913, 156, 1771. ^ ^ . ,.,0 

Puosonluiiiu, Pieck, and Pinsker, Zeitsch. anorg. them., 1916, 90, 133. 

» See Iliortdahl, Zeitsch. Kryst. Min., 1887, 12, 411. 

Siihult/.e, Annalen, 1863, 126, 49. ^ 

(llarkc and Marsh, Anier. J. Sci., 1877, [3], 14, ^31. 

Smith and .Bradbury, Ber., 1891, 24, 2930. 

Wempe, Zeitsch. anorg. Ghem., 1912, 78, 298. 
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described. It is obtained as needle-shaped crystals by treating a solu- 
tion of ammonium tetramolybdate with strontium chloride and allow- 
ing the mixture to evaporate. 

Thallous Molybdate, TI2M0O4, may be prepared by boiling 
molybdenum trioxide with thallous hydroxide or carbonate solution ; ^ 
b}^ the addition of a thallous salt to a solution of a normal molybdate ; ^ 
or by heating the fliioroxymolybdate, M0O2F2.2TIF, to redness in air.^ 
The salt is slightly soluble in cold water, more soluble in hot water, and 
from the hot solution it crystallises in pearly leaflets. It dissolves in 
alkali hydroxides and in aqueous hydrofluoric acid. On strongly heat- 
ing it melts to a yellow liquid. 

Thallous Paramolybdate, 5Tl20.12Mo03,^ is obtained as a 
yellow microcrystalline precipitate when excess of hot thallous sulphate 
solution is added to a hot solution of sodium paramolybdate. The 
salt is slightly soluble in water, readily soluble in mineral acids and 
in alkalies. On heating it deepens in colour, and melts at red heat to 
a dark brown liquid. Thallous paramolybdate is interesting in that it 
is unusual to obtain paramolybdates in the anhydrous condition. 

Thallous Tetramolybdate, Tl2O.4MoO3.H2O, is prepared ^ by 
double decomposition of ammonium tetramolybdate and thallous 
sulphate. 

Thorium Molybdate, Th(Mo04)2, is obtained by fusing partly 
dehydrated thorium chloride with excess of anhydrous sodium molyb- 
date. It yields tetragonal crystals, with axial ratio 

a : c = l : 0 - 73565 , 

and density 4-92 at 7 - 5 ° C. The crystals exhibit mutual miscibility in 
the solid state with cerous molybdate (see p. 149 ). 

A series of complex thoromolyhdates, derived from an acid of the 
type H8[Th(Mo207)3], has been prepared.’ The normal ammonium salt, 
(NH4)8[Th(Mo207)6].8H20, forms as a white precipitate on the addition 
of thorium sulphate to a concentrated solution of ammonium para- 
molybdate. The thoromolybdate dissolves in nitric acid, and the solu- 
tion is almost completely precipitated by silver nitrate. The solution 
in nitric or hydrochloric acid, when treated with a concentrated solution 
of an ammonium salt, yields ammonium hydrogen thoromolybdate, 
(NH4)6H2LTh.(Mo207)6].llI-l20. The corresponding sodium salts, 
N% 8 [Th(Mo 207 ) 6 ]. 15 H 20 and Na 6 H 2 [Th(Mo 207 )(.]. 17 H 20 , are similarly 
prepared. Silver thoromolybdate, Ag8[Th(Mo207)(j], is a white powder. 
The solutions of the ammonium and sodium salts also yield precipitates 
on the addition of magnesium or zinc salts. 

Uranium Molybdates.— Uranyl molybdate, UO2M0O4, is obtained ^ 
as a white amorphous precipitate when ammonium molybdate is added 
to uranyl nitrate solution in the dark. It is reduced to uranous molyb- 
date, U(Mo 04)2, becoming green by the action of ethyl or methyl 
alcohol or acetic acid, and dissolves in mineral acids with a yellowish- 

1 Delafontaine, Arch. 8ci. phys. nat., 1867, [2], 30, 232 ; Plemming, Jenakchc Zeitsch., 
1868, 4, 33. 

2 Oettinger, ZeitscJi. Chem., 1864, p. 440 ; Flemming, he. cit. 

** Mauro, Atti E. Accad. Lincei, 1893, [5], 2, ii., 382. 

^ Jimiiis, Zeitsch. anorg. Climri., 1905, 46, 428 ; Dissertation, Berlin, 1905. 

Wempe, loc. cit. Zambonini, Atti R. Accad. Lined, 1923, [5], 32, i., 518. 

Barbieri, ibid., 1913, [5], 22, i., 781. 

® Lancieix, Compt. rend., 1907, 144, 1434. 
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green fluorescence. When exposed to sunlight, uranyl molybdate 
gradually becomes golden-yellow in colour, and the product is no longer 
soluble in nitric acid, nor is it reduced by alcohol. The salt is strongly 
radioactive. 

The paramolybdate, 3UO3.7M0O3, is obtained as a curdy precipitate 
by the addition of uranyl nitrate to ammonium paramolybdate solu- 
tion. On drying it yields a yellow amorphous powder, which dissolves 
in acids with a yellowish-green fluorescence. It is hydrolysed by water 
to uranyl hydroxide and molybdic acid.^ 

Uranyl Octamolybdate, UO3.8M0O3.I3H2O, is obtained by treat- 
ing the paramolybdate with nitric acid in sunlight, and allowing the 
solution to evaporate, when it crystallises in prismatic needles.^ 

Zinc Molybdates. — The anhydrous normal salt, ZnMo04, is 
obtained as microcrystalline needles by fusing together ^ sodium molyb- 
date (2 parts), zinc chloride (3 parts), and sodium chloride (6 parts), 
and extracting with hot water. On addition of a zinc salt to a solution 
: of an alkali molybdate, an amorphous precipitate of zinc molybdate is 

I formed, wdiich on prolonged treatment with hot water assumes the 

crystalline form and yields fine white transparent needles of the mono- 
hydrate ZnMo04.H26. The crystals are slightly soluble in water, 
readily soluble in acids. On heating, the compound loses water, but 
is not completely dehydrated at 100° C.^ An ammoniated compound, 
Zn(NI:l3)2Mo04,H20, has been described.^ 

Zinc paramolybdate has not been lorepared. A solution of 
ammonium paramolybdate, when treated with a zinc salt, yields a 
white, insoluble double salt, of composition ^ 2(NH4)20.Zn0.7Mo03. 
I5H2O. 

Zinc Trimolybdate, Zn0.3Mo03.10H20, may be prepared by 
boiling an aqueous suspension of zinc carbonate with excess of molybdic 
anhydride,^ flltering, and allowing to crystallise, or by evaporating a 
mixed solution of sodium tetramolybdate and zinc sulphate.^ The salt 
crystallises in needles which readily dissolve in hot water. On heating, 
the trimolybdate loses 4IT20 at 120° C., and becomes anhydrous at 
140 ° C. 

Zinc Tetramolybdate, ZnMo40i3.8H20, is obtained as a vitreous 
mass in a, similar manner to the corresponding calcium salt (see p. 142 ), 
which it resembles in properties. 

Zinc Octamolybdate, ZnMOgOas.lSHgO, is obtained ^ as trans- 
parent crystals by allowing a solution containing equivalent quantities 
of ammonium tetramolybdate and zinc sulphate to crystallise. 

Zirconium Molybdate, Zr(Mo04)2.21H20, is obtained by pre- 
ci])itation of ammonium paramolybdate- solution with zirconium 

suli)liate.*^ ^ TT 

I Ck)mplcx compounds of the type 211*20. 2H20.Zr02.12Mo03.iiTl20 

j (R* =K, NH4. ) have been described.^ 

I 1 tSce Al)egg, Hmulbuch der amrgmmchen Chemie (Leipzig, 1921), vol. iv., l,ii., p. 947. 

I ® ydiultze, AnnaUn, 1863, 126 , 49. , T^• ^ -d 

I » Ciiloriaao, Bull. 8oc. chiin., 1888, [2], 50 , 451 ; Manassewitsoh, Dissertation, Berne, 

^*^°?'s„uncnseliciii, J. prakt. Ohem., 1851. 53 , 339. " Manassewitsoh, loo. cit. 

' » UlliU, .■[iiiiiilcn, 1807, 144 , 204, 320. 

’ \Vei>i|K', ZciUtch. a-norij. Ghem., 1912, 78 , 298. 

^ « Kulkti, I Berne, 1902. 

j ^ Pccluird, Compt, r&nd,, 1893, Ii7» 788. 
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Peemolybdic Acid and Peemolybdates. 


If a solution of a molybdate be treated in acid solution with hydrogen 
peroxide, oxidation to permolybdic acid takes place, the solution 
becoming yellow.^ The colour remains on warming,^ and cannot be 
extracted by ether.^ Moreover, when molybdic anhydride, MoO.,, is 
dissolved in hydrogen peroxide, a yellow insoluble compound is de- 
posited from the stable, dark yellow solution.'^ 

Pechard ® regarded the compound which he obtained both by double 
decomposition of the barium salt with sulphuric acid, and by dis- 
solving molybdenum or certain of its oxides in hydrogen peroxide, as 
HM064.2H0O. The compound so obtained, although reasouably stable, 
is an active“oxidising agent ; hydrogen chloride is, for instance, oxidised 
to chlorine, but other strong acids are not attacked. Pochard describes 
several permolybdates, and assigns to them the formuhe KMoO.j.SlI.jO, 
Nn4Mo04:.2H20, etc., thus indicating their analogy to the jicrsulphatcs 
of the type R'aSaOg ; ® it is not yet certain, howevta-, that compounds 
of this type (R'MoOi) actually exist.'' In fact, altlvough^ Cammcrcr’s ** 
formula, 2MoO;5.Il202.H20, is comparable with that of Pocliard, Pissar- 
jewsky has prepared^ by Pechard’s method, a compound to whicli he 
assign’s the formula H2M0O5.2H2O. By interaction of molybdenum 
trioxide with 25 per cent, hydrogen peroxide, another hydrate of the 
acid H2M0O5— -probably 2II2M0O5.8H2O— has » been prepared. 

From a study of the heat evolution on dissolving molybdic anhydride 
in varying quantities of hydrogen peroxide,'” and of the distribution of 
hydrogen peroxide between ether and aqueous molybdic acid,^^ it is 
indicated that at least two permolybdic acids exist in acid solutions : 
(a) H2M0O5 or M0O3.II2O2, and (h) HaMoO„. The constitution of those 
two expounds is not established. The molybdenum appears to be in 
the hexavalent state, and the following alternative structural formuhe 
have been suggested : 
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1 Wortlior, J. pnM. (Jhem., 83, 11)5; 84, 198 Of. Holionii, Zdiich. anal Clwtn., 
1870, 9. l 

^ .DiniigpH, (Jompl rend,, 1890, iio, 1007. 

Ohem. Zentr., 1885, p. 424. 

^ Pairley, Trans. (Jhem. 80 c., 1877, 31, 141. 

« Pf'cliakl, Ckmipt rend., 1891, 112, 628 ; 1892, 114, 1481 ; 1892, 115, 227. 

« See Miolikoff and Pissarjewsky, Zeiisch. anorg, Chem., 1898, 18, 59 ; Mdiellor, Zeitsch. 
phjsikal. Chem., 189$, 12, 555. 

MiuthmanH and Nagel, Zeitsch. anorg. Chem., 1898, 17, 7$ ; PiHHarjewBky, ibid., 1900, 
24, 108. ® Cammeror, Chem. Zeit, 1891, 15, 957. 

" Muilnnann and Nagel, Ber., 1898, 12, 555. 

Pissarjewsky, J. Muss. Phys. Chem. 80 c., 1902, 34, 210 ; Zeiisch. physikuL Chem., 
1902, 40, $68. 

'J Z(dts(dh. physilml Chem., 

Pissarjewsky, Zeitsch. amrg. Chem., 1900, 24, 108 ; Brode, loc. cU. 8(50 Pricic, Per- 
acids and their Salts (Longmans, Green & Co.), 1912, p. 103; Kopiiel, Abegffs Handbuch 
der anorganischen Chemie (Leipzig, 1921), voL iv., 1, 2nd half, p. 656. 
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As to the permolybdates, potassium, rubidium, ctesium, ammonium, 
and barium salts liave ^ been prepared. The formulae ascribed are 
somewhat complex; for example, for the orange-red ammonium salt 
(obtained by the action of hydrogen peroxide on a solution of ordinary 
ammonium molybdate), 3(NH4)20.7Mo04.12H20, and for the lemon- 
yellow ammonium salt (obtained by concentration of the mother-liquor 
of the orange-red salt), 8(NH4)20.5Mo03.2Mo04.6H20. The aqueous 
solution of these salts contains hydrogen peroxide, and is readily decom- 
posed by small quantities of alkali. Another salt, 

KQMoOg.HaO, has ^ been prepared as an unstable solid evolving oxygen 
on treatment with water, by interaction of cooled solutions of hydrogen 
peroxide, potassium hydroxide, and Pechard’s potassium permolybdate, 
and precipitation at a low temperature with alcohol. 

Fluoropermolybdates,^ and oxalo- and other organo- salts of the 
peroxide,^ have also been described. 


Molybdenum and Sulphur. 


Molybdenum Sesquisulphide, MO2S3.— When the disulphide, 
compressed into small bars, is heated in an electric furnace, a metallic 
mass is produced which consists of the sesquisulphide, MogSg, con- 
taminated with metallic molybdenum. On removal of the latter with 
aqua regia, there are obtained steel-grey needles, of density 5-9, which 
are readily reduced to the metal by heating in hydrogen, or converted 
to the disulphide by heating in sulphur- vapour.^ ^ 

Molybdenum Disulphide, MoS^, occurs in nature as molyhden%tt 
(see p. Ill),® but may also be obtained by the action of sulphur or 
hydrogen sulphide upon molybdic anhydride ; by fusion together of 
sodium molybdate, molybdic anhydride, and sulphur ; or by heating 
the sesquisulphide out of contact with air. A crystalline disulphide is 
conveniently obtained® by heating together potassium carbonate, 
sulphur, and molybdenum dioxide or ammonium molybdate, and 
traeting the cooled mass with water ; an amorphous form is obtained by 
hcatin<’ together finely powdered ammonium molybdate and sulphur, 
and reheating the mass after the addition of a further quantity of sulphur. 

Molybdenum disulphide is decomposed-yielding the sesquisulphide 
and molybdenum— only at the temperature of the electric furnace. It 
is attacked by chlorine, bromine, nitric acid, sulphuric acid, and, when 
strongly heated, by hydrogen or water-vapour, but not by alkalies. 
The specific heat of the naturally occurring molybdenite is 0-1067 
(Neumann), and of the artificial, 0-1233 (Regnault). 


1 Bar-wald, loc. cit. ; Muthmann and Nagel, Zeitsch. anorg. Ohm., 1898, 17 , 73 ; 

1888. 3 .. 682, 8M8, ZM. 1899, 

51 1 K.— y. 

helli and othm, AtU R. Accad. lAnaA, IMl, [5], J6, 1, 963 ; 1909, [5], l8, 

ii., 259 ; OazzeMa, 1910, 40» ii- 241 ; 1914, 43; n*. Hb, 426. 

® Guiohard, 67wm. 1901, [7], 23 , 557. n • a 

« See also de Scluilten, Bull Soc.frang. Min., 1889, 12 , o45 ; Gmchard, Zoc. cit. 

’ The reaction is not, however, complete. See Svanberg and Struve, J. praht Chem., 

von der Pfordten, Ber., 1886, i7. 731 ; Regnault, Ann. Chim. Phys., 1836, [2], 

62 , 386. 
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The electrical pro|K'rtie,s a.nd thcrniioiiic emission ol‘ molyhdenil e 
liave Ix'cu in\'(‘sti,t>';d.ed ; ’ the mineral appears to i‘\ist in two stales 
between atmosplierie temi)erature and red heat, and al (emperalnres 
al)ove •lit) C. a, eharaeteristic emission ol' positi\'e molybdenum ions 
oeenrs. 

Dimolybdenum Pentasulphide is obtained - as a trihydrate, 
by redueino' with zinc :i solulion of ainmoninm molybdate 
eontaininii’ more than 20 per cent, of snipimrie acid. When I he solid ion 
becomes dark red it is diluted, liltered, and saturated with tiydroifim 
sulpliide, and ttie resulting' |)reeipital'.e, after sueeessi\'ely washing' with 
tiot water, aleotiol, earlion disulphide, and ether, is dried at altoul 70 ' (’. 
The trihydrate loses one-third of its water at I tO ' tad deeomposes 
on furttier heatinir. Wlien earel'ully heated in eartion dioxiite, the 
anhydnais iientasulpliide, Mo.jSr,, is obtaineil as an aimosl titaek 
compound. 

Molybdenum Trisulphide, MoS.,, is olitained tiy saturating an 
alkali molybdate with hydro}>'en sulphide (or liy addiny llu'reto 
aminoniinn .sulphide), and ' deeomposin<i' the thimnoiylidalc s’o formed 
l)y warmint; with dilute liydroehlorie or sulpimrie acid. 'I’here is thus 
olitained a, rixldisli-lirown Gelatinous precipitate, which on dryinn- 
becomes dark brown. It is sliGhlly soluble in water and in aipieons 
pota,ssium hydroxiik*, tint easily solulile in a solution of potassium 
suliihide.'' On heatiiiG it yields the disulphide MoS„ ; at a lu'iii 
temperature in hydrogen it is reduced to the nnlal.’ “ Molytidemnn 
trisulphide has lieen pre|)a,red in the eolloidal eondilion. 

Molybdenum Tetrasulphide, MoS.,, is formed liv di'cmuposilion 
of u ))erthiomolyl)date with a. dilute acid.''' 

A solution is made of potassium dimolvlidate (.'50 Grams MoO., fused 
W'itli I P, I. sratns KAX).,) in 120 c.c. of hdt water; tins sointion'. after 
lilt.ration, is diluted with :150 c.c. of water, and saturated at 15 ' willi 
hydroffcn sulphide. The liipiiil is then evaporated on the water-lialti 
uji to erystallisiuH' point. There is deposited on cooHiig not onlv 
potassium perlhiomolytidate, KHMoSf,, but also the di- and tri-sulphides 
of molybdenum, and Gelatinous thiomolvbdates. 'I’he mass is 
tliorouGhly extracted witli ice-cold water, then dissolved in water at 
;5()“ to to" ('., and iireeipitated with hydrochloric acid. 'I'liis precipitate, 
well washed willi water, alcohol, and carlion disulphide, and dried in 
a.n atmosphere of hydroGcn sulphide at 1 tO” ('„ is the anh\'<irous 
tdrasiil 

This brownish powch^r, which is Koiricwliat. nnsiahh* in tlu* nir, and 
which is solulile in iiotassium sulphide solution, is also olitained in 
small (piantity by the interaetkm of molvbdemim trisubihide and 
potassiuni sulphide. 


‘ Wntenuan, nil. Mmj., U)I 7 , [(i|, 33, 225 ; /Vn/,'.. Unnuw, li) 2 :{, 21. . 510 ' CnlPt 
UmiU. rnid H'/ h IS8. lO'.M. Ttir iicliavimir of mol.ylideMitr as an .tertrud.. has I,,.,.,’. 
K Uidicd li.y Snidli (Hrr.. USilO, 23, 227 (i) and Bcmfidd ('MMi. phyuM. C/um., ISOS, 2.;, 
t ’ ■ sl.ructurd of riiolylxIeaiUs sts' .UiDkiasuti ami Paulitjy, Am.> r, fV/nx. 

mm’ <k!t tJi(t J)h()n)..i‘lectrical Hwusitivity of UHtlylMlcumu aisiilphidD, stx 

ohiciiL/, I’.iS. Inarau of iSlaiidanh, i^eimcc Papm% 11)22, i3, 080. 

“ Mawr’ow :ind Nikolow, Zritsch. morn, Ohem,, 101 (i, 95, 188. 
l{('rz(*lins, J^oiftf. Anfialcn, I82l), 7, 4*21). 

V(ni del' nfonltDii, Prr., ISSo, 17, 721 . 

\yiimin,!L!;('i-, HulL Arad, roy. Hvly,, 1888 , ( 2 ], 15, 290. 

K Tilths, Annalvn, 188 'l, 225, 40 ; Bomdius, Po(j,j. AHmihn, 1820 , 7, 201 . 
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or the thichdcUls corre^spondinGf to the svilpliicles of inolylxleniiiiu two 
ha.\'(‘ been pr(‘parccl, luuiicly, hexathiomoly belie acid, llMoS^., and per- 
l hioniolyl)di(* acid, UoMoSr,. The former has been obtained ‘ by decom- 
position ol‘ thc‘ ammonium salt with hydroeliloric acid ; the latter is 
prc‘c*ipitatc‘d as a, reddisli-brown powder on the addition of dilute acetic 
acid to a solution of its potassium salt, KHMoS^.^ 

Tliiomolybdiites. — A large number of compounds have been 
d(‘s(*rib(.‘d. Besides the normal salts, R'2MoS4, basic compounds of the 
typc‘ H‘(;IMo 2^^95 a,nd acid salts of tlie type ® R‘'S.8MoS3, have been pre- 
] )a,i*c‘(l . ()xy'thiomolyl)dates, compounds intermediate between the 
molyl)dat(‘s and tirK)nioIyl)dates, are also known. 

Ammonium Thiomolybdates. - By passing a current o(‘ hydrogem 
sid|)hide into an ainmoniaeal solution of (ordinary) ammonium molyb- 
date, or by dissolving molybdenum trisulphide in ammonium sulphide 
solution, and (‘oncentra ting by evaporating, blood-red crystals, ap])earing 
green by rcdU^c'ted light, of tlie normal salt (Nll4)2MoS4 are obtainecl. 
Tlicy are not (‘o»npk‘tcly stable in air.'^ The com/pemnd NIhiMoSjj.IlQO 
Inis also b(‘(m cU^scribed.^ 

By addition ol‘ a, solution of ammonium hydrogen sulphide drop by 
dro)) to on(‘ of ammonium molybdate, the cornpourid (Nn4)IIMo2S;j04 
is j)rc‘cipiia,t(‘d as a, reddish-yellow substance. iVnotlier mixed salt has 
the fcirniula (NIl4())2MoS2.‘’ 

Ammonium Molybdosulphites, of tlie formuhe 4(NH4)20.3S02. 
lOMoOjj.OlIoO and 4(NH4K)0.3S02.1()Mo03.9H20, have been prepared ; ^ 
tlicre are also known ^ the (NH4)20.2Mo()3.8S03. 

lOllA) ; (Nll4).0.2MoO.,.SO.i.9lLO and 4 IL >0 ; 5NII3.MoO2.SO3. 

7 Mo() 3 . 8 ll 20 au(r 8 NIl 3 .MoO 2 .SO 3 . 7 MoO 3.10 

Potassium Thiomolybdates.'— A normal salt, a thiodimolybdate, a 
liasicsaJt, and molyl)dates in wliich the oxygen is only partially re])laced 
l)y suli)hur, Inivc' l)(‘en pr(j|)ared. 

Potassium Thiomolybdate, K2M0S4, is prepared, according to 
Bc‘r'/(‘hus {loc. c//,), l)y gradually heating to bright redness a mixture 
of inolybckamm disulphide, potassium carbonate, sulphur, and a, little 
])ow(lcr(‘d {‘luircoal. Tlie water solution of the cold black melt is dark 
r(‘d in colour, and on gentle evaporation yields crystals which may be 
1'url.ln‘r ])urill(‘d by |)reci|)itation of tlieir aqueous solution, witli alcohol. 
Tlu^ substance is not entirely stable. 

Potassium Thiodimolybdate, K2MO2S7, is obtained as a dark 
grey substarice on addition of a denciency of mineral acid (preferably 
acetic acid) to an acpieous solution of the normal thiomolybdate and 
evaporation of tlu^ brown liquid. 

The compound K'oMooSjj results from the passage of hydrogen sul- 

1 Zril^ch. anorij. Clmn., 1896, 12, 55, 

- KriisH, Amudvv^ 1SS4, 225,40. 

U" M/j;, (it, Sr, Ha.. See Berzelius, Pogg, Annahn, 1826, 7, 262. 

'> Ki’iisH, AuuaU n, lcSS4, 225, 20; Berzelius, TrwM de. Chmde, 1847, 3, 321; Braun, 
ZviL^rh. aiKiL ('hem.. lS(i7, 6, 89. KrusH, he. ciL 

« Ki i’iss, hr. rit. ; KrIi.sH and Solereder, Ber., 1886, 19, 2729 ; Debray, OonipL rend., 
1858, 46 . 1 102 ; U()d(>nsta,h, ,/. prakl. (Jham., 1859, 78, 18(5. 

Uoehard, ('(em-pt. r(nd.. 1893, I 16 , 1441. 

» 4\'ehard, {hid.. 1901, 132, 628; Weinland and Kiihl, Zeitsch. anorg. C'hem., 1907, 
54, 259. 

“ n(U'Z(vliuB, Traile de Chiniie, 1835, 4, 140, 

KrilsH and Solenaler, loc. ciL 
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phide through a 5 per cent, solution of normal potassium molybdate 
containing a sufficient excess of potash.^ The aqueous solution is 
orange-yellow in colour. 

Potassium Dithiodioxymolybdate, KgMoOgSg, separates as 
yellow needles from the oily liquid obtained when finely powdered dry 
potassium trimolybdate is added to a somewhat warm solution of 
potassium hydrogen sulphide, and alcohol added. ^ It is a hygroscopic 
substance, soluble in water, and readily decomposed by mineral acids. 
A compound KgMo4S907 is also said to be obtained from the oily liquid. 
A compound KHMogSgO^ is also known, i as well as the salts KHMoS, ^ 
and KMoSe.H^O.^ 

Potassium Molybdosulphite, 4K20.3SO,.10Mo03.10H20, and 

molybdosulphates,^ KaO-^MoOs.SSOg.GHgO and K2O.2MoO3.SO3.6H2O or 
2H2O,® are mentioned in the literature, together with the compounds 
2K2S.2M0S3 As2S3.^^^^^^^ K4Mo2As203Sjo.6H20;6 KM0ASO2S4.2HI00 , 7 

and MoS2(CN)2.4KCN. 

Sodium Thiomolybdates.— Two are known : the normal salt, 
Na2MoS4, prepared as dark reddish crystals by the action of hydrogen 
sulphide upon a solution of sodium molybdate, and the acid salt, 
Na^MoaS,, obtained as a dark grey mass by treatment of the normal salt 
with a deficiency of acid.® Oxythiomolybdates are obtained ® by the 
action of sodium hydrosulphjde upon sodium tri- and para-molybdates. 

Molybdosulphites, dNaaO.lOMoOg.SSOo.UHaO and 
I6H2O, have been described,® and the compounds 2Na„S.AsoS,.2MoS,. 
I4H2O and NaAsS3.MoS3.6H2O.’ 2 - . 3 

No acid corresponding to the molybdosulphites has been isolated. 

Molybdenum Sulphates. — Reduction of a solution of molybdic 
acid in sulphuric acid by means of hydrogen sulphide is stated 10 to 
yield the compound M0O3.M0O2.2SO3 as a black substance, soluble in 
water to an unstable brown solution ; reduction with alcohol is said 
to yield soluble blue crystals of the sulphate 7Mo03.2MoOo.7SO.,.aq. 

The sulphate ^02(804)3. 2H2O has been described, but its existence 
has not been confirmed. 

TIT ^ compound of molybdenum trioxide with sulphur trioxide, 
M0O3.SO3, has, however, been obtained as deliquescent, soluble 
crystals when molybdenum trioxide is dissolved in warm concentrated 
sulphuric acid. 

An oxysulphate, Mo20(S04)2.c^’H20 {x =5 or 6), is formed as a green 

^ Kriiss, Annalen, 1884, 225, 33. 

^ Rosenheim and Ttzig, Ber., 1900, 33, 707. 

I Krfes and Solereder, loc. cit. ; Berzelius, loc. cii. ; Kruss, loc. cit. 

Hofmann, Zeitsdi. anorg. Ghem., 1896, 12, 55. 

® Pochard, Compt. rend., 1893, 116, 1441. 

Kiihl, Zeitsch. anorg. Ohem., 1907, 

I Weinland and Sommer, Zeitsch. anorg. Ghem., 1897 IK 4:2 

8 Berzelius, Traite de Ghimie, 1835, 4, 140. » • 

® Kriiss, Annalen, 1884, 225, 6. 

Bailhache, Gompt. rend., 1901, 132, 475 

Pechard, Gompt. rend., 1901, 132, 628. 

Anderson, Berzelius' Jahresber., 1847, 22 161 

Schultze and Sallack, Ber., 1871, 4, 14 ’ 

176- Ohem., 1894, 7, 
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hygrcwcoiiic precipitate ^ when an electrolytically reduced solution of 
molybdenum tnox.dc ni sulphuric acid is poured into air-free acetone. 

1 he sail |)ossessc's sliono reducing properties, liberating copper and silver 
ir()ni sails and reducing ferric and mercuric compounds. The 

l)recipitated by barium chloride only on warmirig- 
On heating, tlu^ oxysulpliate decomposes according to the equation : 
MooO(SO, 02 aiaT 2 O=Mo 2 O 5 + 2 SO 2 + 

I he compound Mo.{HTy^SO^.3H20, a yellow powder insoluble in 
water, results " Iroin the interaction of molybdenum hydroxybromide, 
Mo;jlir4(()II ).> (p. 127 ), and sulphuric acid. 

M()i.ybbenum and Selenium. 

^ Molybdeiiuoi Selenide .--^On addition of mineral acids to solutions 
oi rnoly l)(la.t,(‘s through which hydrogen selenide has been passed, a 
brown pr(‘(*ipita,U‘ ol indefinite composition, but containing molyb- 
denuiti sel(Mii(l(\ is obtained.^ 

acid n.MoOjj.ScOu.acp has been obtained in aqueous solution.'^ 
Complex Molybdoseienites, obtained by acidifying solutions 
containing alkali inol^^bdate and selenite, have been described.® The 
C()iii'i)()siti()n of tlie products depends upon the ratio of molybdate to 
st‘lt‘nious aend pix'scmt in the solution ; when the selenium dioxide is in 
cxcc^ss, the ra;tio SeO^ : M0O3 is very nearly 1 : 1, and the following 
salts luivt‘ l)ceu prcjiared: — 

2(NH ,)2().5Se()2.5MoO3.8H20, white microscopic prisms ; 

2Kij(). tS(‘()j». iMoOjj.THaO, microscopic prisms ; 

lhi().2Sc()2.2M()().j.7Il20, white crystals. 

Wlum l(‘ss t han 1 molecule of selenium dioxide is present to 1 rnole- 
(ml(‘ of molyhdatig salts containing 2Se02 : 5M0O3 and 2Se02 : 8M0O3, 
ant obtained. Vcllow unerystallisable compounds containing 2Se02 : 
12Mo();, ha. vat also Ixum described.® 

Molytxkmum t(‘lluride lias not been obtained. 


Moi^yivdenum and Chromium. 


M<)lyl)(k‘tviun and chroniium alloy in the electric furnace ; reduction 
of th(‘ mix(‘<I oxidits by aluininium also produces alloys.® 

Chromates of Molybdenum,® and a bmnochr ornate, Mo^Br^. 
(’ 1 * 0 , 1 . 21100 , luivc hc(m (Icvseribed. 

A (k)ul)l<‘ sulphide of chromium and molybdenum, 0X283 (MoSa);}, 
also (iuds numtion in the literature. 

(ihromi molybdates and Chromimolybdic Acid have been 
d(‘scrih(‘d (sea* p. M2). 


» Wanlhiw, Ni<'h<>llH, and Sylvester, Trans. Ghem. 80c., 1924, 125 , 1910. 

^ IMoin.siraiid, prald. C/wwi., 1859, 77> 1861, 82 , 437. 

Tniilv, .1////^///'//, 1867, lOi, 285 ; Uelamann, ibid., 1860, Ii6, 125. 

Prehard, (JampL rvud, IBOIh itj, 104. -r. t . 

PhukUI and von Blocihiii, Zcitsch, anory. Ghtw., 1915, 93> > Rosemieino. and 


Knin4(^, 1921, Ii8, 177. 

“ I’raiidtl, v<.n lUodiiii, ami Obpaoher, 46«J., 1916, 93, 45. , , „ 

• Saa'.-iit, ./. Amir. C/imi. Soc., 1900, 22 , 783; Haynes, J. Ind. Eng. Ohem., 1913, 5 , 


1K9, 


Stavi‘iihaK(“n anti Sclmeharcl, HeJ'., 1902, 35, 909. ,~ni- 

« I!.T/,flius, r.yg. Aiimtlrn, 1825, 6 , 384; Oaloagm, Qazzetla, 1925, 55 , 396. 

vou vn. : iii. 


162 


CHROMIUM AND ITS OONGENEHS. 


Mo r.YBD RN A N D NvV n ()( i K N . 

Molybdoluini chloride and dry anunoiiia. rt'aci: at a fairly low iemix'ra- 
txire with forinalion ()f aiiiirioiiimn chlorick* and a ^^rey sul)s(aiu*e wliicdi, 
aftca' (‘xtra,(*lion with water to remove ammonium and niolybdennrn 
chlorides, and warniin^i*’ in air, is spoiitaiu'ously inlhimmal)h‘. * Idie 
comj)osii.ion, however, of snch a snl)staiice, or of that ol)tain(‘d by 
sublimation of molybdenum chloride with nninionium ehIoridt\ is 
apparently not, dehnil(‘ly known.- 

It has be(‘n found that when molybdenum oxide*, hydroxich*, or a, 
mixture of either of these eomjxounds with tiu* metal, is lieat(‘d at 500 ' 
to OOO'' C. witli ecjual j)arts of nitro^^*(‘n and hydro»»‘(*n under a prt'ssure 
of (JO atmosphere's, tlu're is formed a, nitride of molybch'uum. d'lu* same 
compound may be obtained utuU'r atmosplu'rie |)n‘ssure by redm'inn* 
pure ])reci{)itat(*d molybdic* acid by nu'ans of liydro<4‘(*n at 700 ’ and 
then ;passin<>' nit.ro<>’(‘n over tlie |)roduet at the same* t(‘iti|>(‘rature*.'^ 
The commercial importance of this sxibstance* lies in the* fa<*l. t lud, on 
heatino’ in a va,<*uinn it yields |)ure metallic molybd(*num, witli simul- 
taneous liberation of ammonia.. 

The existence* of a cejirpxnmd, Mo()o(NI Io).2, moly bdumicle, ol)taiiu*d 
by interaction of ammonia, with the oxychloride* Me)!)^'!^;, ami yie‘lelin<^r 
ammonia when t.rc'ale'el with xvater, has Ixet'U neateeli’ 

Nitrates of molybek'mnt) are* not knexwn. By di^’e*st ina’ elilute* nitric; 
acid with, exc(*ss of me)lybdenum, or with the* hydrate* of molylxkmum 
(lioxide or sc*sepiie)xide, a dark l)re)\vn sohrtion is e)btained, wliie*h e>n 
further evapora/tioii yields oxides of nitro<»’e‘n and meilybdie ae*id, 

MoLYBDUN (T,M AND PnoSBUOIU iS. 

Molybdenum Phosphide, MoP, is forme'd wh(*n molyl)d(*num 
trioxide is iiisc'd with })liosphoric aeid and a. little* (*halk, amrthe i^^rc'y 
crystalline metallic; mass is extra, C‘t(*d lirst with hydrochloric aeid and 
then with (xuistic; soda.. It has density (r l7, and is rt*a<lily oxidisc'd on 
l,ieatin^»'in air, t^eatill^wv^i^^t^^^^ nitric; aeid* or bisint^ wilh potassium nitrale*. 

Molybdic Metaphosphate has l)<*en pre|)arc*d ' by the* r<*eln(‘tie)n, at 
rcdlu'at, of a, solntie)n e)f !ne)lyl)demim trioxiele in me*lapliospliorie ae'id, 
eitluT by liyclronx'n or l)y molybde*mim disulpliide in a eurnait of earl)e)n 
dioxide. It is also oblaiiu'et by lieatin*,^ molybdenum disul|))nele e)r tin* 
dioxide ^ with orthe)])tie)spIiorie add in a current of e*arbon elioxide*. It, 
is a ycRow (‘rystallinc* })o\vder, of eomj)osit ion Mo.();j,;iP.»( or 
Mo(P().j).j, sta})lein dry air, and of density at O ' i\ On Imrtiim^U 

it is only oxidised sn])e*rtk‘ialty ; hcaited witli wale*!* in a se‘alcd tube, d, 
is d(;(*ompos(‘d a,t 250^ to m)^ C., formin^^ ortlie>pliosphori(‘ aeiel. Hot 
(;oncentrat(*d minc‘ra,l a,(*iels have no acdion upon it, but it disse>lve*s 
slowly in w^arm acpui rc'^ria, and it is readily at,la(*ke‘d b\' hot, caustic; 
alkali. It forms double phosphates when fused witli alkali pliospliales. 

^ Uhrla.uh, Amiuhn, 1857, loi, 605. 

^ I'uttles Anmtlvn, 1857, loi, 285; DcOmiy, ibid., 1858, io8, 258. 

'* Badinclu^ Anilin« uiiel S<Kla.I7ibnk, (hrmm Patvnt, (1012). 

^ P>a,<liHc*h(‘ Aiiilin- \ui(l, iSexla-Fabrik, Gmmn Patient, 02521 (lOM). 

® Smiih and Ftadc, Zv.itsrJi. (morg, €hi>m., 1894, 7, .*15 1. 

“ W'Oliley and RaaiUniber^JC, Annahn, 1859, 109, 274. 

’ (V)lani, Gompt. rrud,, 1914, 158, 499. 

“ Colani, ?5/W., 1917, 165, 185. 
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Other .simple [)hos|)h!\,te.s of t.riviilent. molybdenum Ua.ve not been 
prei):ired, but: tin- complex salt, sodium molybdenipyrophosphatc, 
Na(MoP/) 7 ).ItJnoO, has lu'cn obtaiiusl ^ as a l)r()\vn cTystalline prceipi- 
1,at(‘ by "addinff tripotassium molybdenum bexaeliloride, IviMoOl,,, to 
a solut ion of soditim pyropbosphate at 80" to 00" C. 

llcteropoly-compounds of Molybdenum and Phosphorus. 
Ih'teropoly-eompomuls include tliose acids and salts which eoid.ain acid 
anhydrides of one or more elements combined with a hydrate or salt of 
tlu' acid of another element." Compounds which contain l.lu^ a,<-id 
anliN'dridc and tlu‘ acid hydrate or sa.lt of the saint- ekmicnt for (‘xa,nipl(\ 
polychromates, polytmi,!j;sta.les, etc. are distin,t(uished as isopoly- 
coinponnds. 

Perhaps tini most chara.etcristic crou]) of hctcropoly-compounds is 
tliat of the phosphoinolybdie acids which ha,vc hitherto been con- 
sidered as complex acids.’ Much t-arly work * was dirc'cl.c'd towards the 
a<‘tion of phosphoric acid on molybdie acid a,nd the alkali molybdates 
with llu' objes't of c'xplaininc the nature of the ])rodnels obtained. It 
was shown Ihat when molybdie anhydride dissolved ii\ orthophosphorie 
a.cid a yellow solution w'as obta,in’ed, whic‘h on ewipora-tion j,mve a 
viscous 'uncrystallisahlc licpiid. On a.ddinK a,mmonia to the yellow 
solution a. n’cHow preci|)ita,f(! was obtained in tin; |)resenc(' of acid. 
'I'he i>recipiialion was impeded l)y the presemee of certa,in orf;-a.ni<i salts, 
e.g. auunonium oxalate or citrate, and the ineta- a.nd pyro-i)hosphorie 
acids only ^avc- tin; reaction a,fter la'inju: converted to the ortho-ii.eid.'‘ 
The ycllo’w precipitate was shown to Ik; the ammonium sa.lt. of a delinite 
phos'i)homolybdic a.eid, which was isolated from it by Debray by 
gently heating with excess of a.(|ua. regia., when tin; ammonia, was expelled 
and a yellow solution remained which by spontaneous evaporation gave 
crystal’s of the acid, to which he assigned the formula. P,,()r,.‘i()MoO;,. 

It forms yellow salts, those of i)ot.assium, ammonium, rubidium, 
ca-sium, and thallium being in.soluble in water. 

The yellow phosphomolybdates an; decomposed by exee.ss of a,lkali, 
givii>g neutral molybdates and other white phosiihomolybda.tcs, sohdde 
in alkaliiu' solution and richer in phosphoric acid. These white sn.lt.s 
are reconverted to yellow phosphomolybdaU's with liberation of phos- 
ph(»ri<; acid bv the action of acids. 

The composition of phosphotnolybdic acid given by Dcltray was 
coidested by Hammelsh('rg,“ who found the ratio P./lr, : MoO,, to be 
1 : ‘3*i, while other workers f(nmd 1 : tit.’ Numerous other combina- 
i.ions in which the proportion of the two oxid<‘s varied considerably 
hav(; been described.’* , 

The study of these complex com|)ounds was simjndied by the 


* ItoHeiilu'im uiul 3*i'i)nitiiptiyttitlc.M, yt/T., 11115, 48 , 584. 

® UoKcnlieim mat Kolm. «»(/»•</. C'Am., lini. 69 , 2t7 , , 

“ Ber/ctius, Tmili' dc Chimif. 18.17, 4. :!87 ; KviiaiiiTK amt Struve, pniM. Ohrm., 
18-18, 44, 457 ; 18,51. 54, 488; 8(nmcn.s<;h(‘iu, Olnrn. /'/ti/.-i,. 185:1, hi), 37. 1 

Kggert.'/., Hull, Hot. tliiiii:, 1.S50, 2, 348 j bipawit/., ihid.t 1850, 2, 117; Koeuig, ihid,^ 1874, 

li , ’408.’ 

* Hd.sc, /’(11/7. Aiiiitilrii. 18.|S). 76, 45. 

‘ Debrav, romiit. rend., 1858, 66, 704, 732. “ Bamtll(■lH5(a•^.^ Hrr.. 1877, 10, 1775. 

’ fiiiUi-iii-r, Htr., 1878. II, 1538; Ciltlw, .'1 »m,t. Vhi-m. 1881, 3, 317; van del- 
Bfardleu, Her., 1884, 15, 1540 ; Hutidesliagcu, '/ji-Undh. ttmil. (Uu-iii.., 1885, 28, Ml ; I'eni- 

1>i!iU.ii,^/)(^).,^^188„,^i 5,^^ ilciWi. anal Olmii., 1871, 10, 471 ; Htilnkcl, \V<-(/.l«-, and 
W'agiuir, ibid., 1884, 21, 303 ; Hohnor, ibid., 1882, 2l, 058. 
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application of the electrical conductivity as an indicalor in the neutral- 
isation of acids, 1 and it was found that tlu' phosi)lu)molyl)dat('s and 
other het(‘ropoly-eoni])ounds cotdd be satisfaetorily I'orniuiated by tlie 
applicat ion of a. inodiliealion of W'erner’s co-ordination theory sunifested 
by Miolati” and extended l)y lloscnheiin.-* Aceordintf to this theory, 
the coin])lex })hosi)honu)lybdic compounds may be divided into t\v() 
grou])s, the members of t he first grouj) possessing a, lieptavah-nt com- 
plex anion with ])hosj>horus as the central atom, surrounded by six 
divalent atoms or grou])s of atoms. The anion is d('rived I'rom 1 1’(),,|'", 
the oxygen atoms being replaced, wholly or in part, by the dimolylxialc 
ion (Mo.^07)". These eomjdex anions are of a deep yellow colour, which 
is imi)arted to their salts in the absence of coloured cations. The 
members of the second grouj) contain colourless anions derived from 
[PO4I'", the oxygen being replaced by the ion (MoO.i)". Compounds 
arc said to be sitHinilcd when all tiu' oxygen atoms of the parent 
anion are replaced by metallic acitl anions, unsaturatc-d compounds 
containing some rej)laceablc oxygen.*’ 

12 -Molybdophosphoric Acid, H7[P(MooO-)J.,/'ILO, which is 
identical with tlie phosphomolybdic acid described above, may be 
obtained by heating the ammonium salt with acpia, regia and recryslal- 
lising from water containing a little nitric acid; by dissolving Ihe 
yellow hydrate, MoO.,.2lI./), in a. hot solution of phosphoric a<ad and 
allowing to crystallise; or by adding an excess of hydroehlorie acid to 
a solution of an alkali molybdate and phosphoric aeicl and then extract- 
ing the molybdo])hosphoric a<-id with ether.’’ 

It is readily soluble in water, and on evaporation the solution deposits 
deep yellow octahedral crystals of the •IH-lri/dmlr II,! l>(Mo.,{)7)„|.‘.>.Sll.,(). 
On heating this hydrate it begins to melt at about 7S“ U.” and a. clear 
liquid is obtained at U., from which the l^-lit/drale 11,1 P(Moa(),)„|. 
1211,0 may be separated in the form of minule crystals by" care- 
fully cooling to about 90 “ 0 . If the acid is crystallised from nmeen- 
trated nitric. aei<l solution, small rhombic crystals of a. 22-%f/w/e, 

obtained. Many otlu'r Ipydrates are (!<■- 
scribed by earlier investigators, Init then-' is little (loubt that, such 
were either identical with those desc'ribed above or wi’re not pure 
compounds.'* 1 

Salts of this acid hav<' l)een i)reparcd by treating a. solution of an 
alkali molybdate’ with a small epiantity of phosphoric acid ; by adding 
a mineral acid, ])referably concentrated nitric acid, to a solution (’010 
tainmg a ])hosi)hatc and a large excess of molybdate; or by boiling 
an aejueou.s solution ol an alkali phosphate saturated with molyb- 
dic aidiydride. The ammonium and ])otassium salts separate’ e)ut as 
deep ye’lle)w micre)-e’rystals, but the se)elium salt is soluble’, :ind is ob- 
taineel by e’onc’entrating the solution whe’ii it forms ye’llow e’lllores- 
ceut rhombedieelra. The’se salts have the a])proximal(’ ee)mposilion ’ 

* Miolati anet Miiseiotli, (/azzcUa, 1901, 31, i., 9;j. 

■“ Miolati and fizzigliclli, pmkt. Chem., 1008, 121, 77, •117. 

“ Kosenhciin and .liinkikc, Zi'ituch. tmonj. Ohvni., 1017, lOo' .'iO l. 

* Ro.scntu’ini and Traidic, ihUl., 101.7, oi, 7,7 

'* Drccliscl, Hn., IKK7, 20 , M.72. 

„ ; kinlc’ne’r. Her., 1H7H. 

X I f 1 v)iS 

C'o4«!'S1o 20, of onsdiatatcel umnx.ni.un salt, ho.- RoBternak, 
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;jR‘,p.P.p.-,.‘2 1.M()0.,.,rI LO, where K, or Na. Corres(K)n(Un<,f 

sails of hariuni, eohall, i\iekel, iiiaujfaucso, and iron have also been 
])rei)are(l ' by boiliiifi a(iue(>ns sxispciisious ol' the metallic ])hosphates 
willi molybdie anhydride. 

More exact, inl'ornialion as to the nature of thes(‘ compounds was 
obtained - by a. study of the ffuanidinium salts. The trihtisic Sidt, 
eorrespondin>r with those described above, is obtained by dissolv'iuff 
la molecules Or molybdie anhydride in a boiliu^r solution of ^manidinium 
ea.rbonati- (eontainmjr la mo'leetiles ), adding I moleeuh^ of i)hos})horie 
a,eid, and aeidifyiitii stronffly with hydrochloric a.eid. 'Phe salt has the 
composition (til 5 N\ 0 .-,ll 7 iP'(M‘>‘.(> 7 )«l- 1 «Il 2 O, ami measurements of its 
electrical conductivity sliow it to be an acid salt. If a 10 per cent, 
sohdion of ;fua.ni(linium carbonate is ffradually mixed with a solution 
of ia-molyl)dophosphoric acid until the <lcep yellow i)rceipitate lirst 
formed nOissolves in the warm sohdion, greenish-yellow crystals of 
t.he hrplabasic salt, (t'nr,N. 07 n 7 l P(Mos(),)ol.8n./), sc'parate on cooling, 
t’onduetix’ity measuixmu'nts prove this to 1)0 a norma.l salt. 

The sodium salt, described al)ove has bceir shown“ to be an acid salt 
of composition Na..,Il,,| l’(Mo./)7)„ri9H.X). The heptabasie silver •> and 
mercurous salts formed l)y ])rec-ipitation from solutions of U2-molybdo- 
phosphorii' acid by means of the metal nitrates a,rc; very |)robably the 
normal suits of the aieid. _ _ , , • i, 

The existimee of 11- smd 10-molybdophosphorie iieids iind their salts, 
althoujjjh many such have be<‘n <leseribed, is not estiililishc'd. 

9-Molybdophosphoric Acid, or Luteophosphomolybdic Acid, 
Hj..i:P..O.,(Mo., 07 )„].,rH., 0 , is formed by hydrolysis of the 1‘2-molybdo- 
pliosphorie aci’d, wiiieh takes phiee when am aiqueous .solution is aillowed 
to stand for severad days until it no Ioniser ^ives |)reei|)itad.es with solu- 
tions of potaissium or aunmonium sailts ; or by dceomposinfi; solutions 
of the trialkaili phosphadc with molybdie anhydride, addin^r sulphuric 
acid and ext raiet inf; with ether.'"- It erystadlises from solution in orauKC- 
eolouri'd tirisms, ol composition lIi«|IM)«(Mod) 7 )j||. 2011.^0, which in 
eontaiet with the solution take up ai further ULO, forming yellow 


(‘1’^ t I P *1 

The acid is an imsaduraterl eominnmd, the formula sujfjfestcd lor da 

Ixnnji* 

P(Mo..07)i (M«a()7),lP' 

HJ 0 O 1H„. 

(Mo.O,) 


'riu- adkaali sadts aire eaisily soluble in water and crystallise in tlie 
form of lairtfc oriui'je-red prisms, and the salts ol other bases can lie 
obtaiiiK'd froni them bv double decomiwsition. 

'riial these aire aieid sadts is shown by eonduetivity meu.surenumts, 
the sodium sadt, :{Xa.,().l‘.()f,.lHMoO;,.:nHd), beinjr formulated by 
Hosenheim, Na„n,,| U.,<):(Mo:()7)„l‘2Hn,(). The neutrad l‘.i-bai.si<' guani- 
dine salt, (tdl,,Nhd,..nr.llV>as(M«/>7)»l=«'‘l'P> 


* Arnfuld, PiN'utttttiotif lJurliii* IHDH, f/ u t m 

~ Minliili iui<( I’i/./.i^'la-tli. ler. cit. ; Itiisisilicim anul 1 luskcr, Antwh. atwrg. Chr.m., 

.tiiin-. .law/., 1HS2, I?. I") a Miiitali aiiiil I*iy,/,iKlii'lli, tor. oil. 
and 'rraulh*, kritMh, tinurff. Vhvm.p 11)15, 

Kchrnuinn aiul litihm, ibid., 1^1)4, 7» 
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the corresponding rubidium salt, Rbi2[P2O2(Mo2O7)9]10H2O, has been 
described.^ The precipitate obtained by addition of silver nitrate to 
a solution of the sodium acid salt, to which sodium hydroxide has been 
added to neutralise, has the composition 

Agi2[P2O3(Mo2O7)s]20H2O. 

17 : 2 -Molybdophosphoric Acid, H22[P404(Mo2 07)17], formed 
by further hydrolysis of 9 -molybdophosphoric acid.^ The potassium 
salt is obtained as a light ^^ellow precipitate by treating a cold saturated 
solution of potassium hydrogen 9 -molybdophosphate with potassium 
bicarbonate.^ The ammonium and sodium salts are formed similarly, 
the composition of the former being (NIT4)i6H6[P404(Mo207)i7]33li20. 
The normal salts of guanidinium and silver, respectively (CH5N3)22H22 
[1^404(^0207 )i 7 ] 40 H 2 O and Ag22[P404(Mo207)i7]4()H20, have been pre- 
pared,*^ as well as the mixed salts Ki6Na6[P404(Mo207)i7]36H20 and 
(NH4)iQNaQ[P404(Mo207)i7]33H20 ; the two latter are colourless salts 
formed by adding the chloride or bicarbonate of potassium or ammonium 
to a solution of sodium I2-molybdophosphate. 

The white molybdophosphates formed when the yellow 12-molybdo- 
phosphates are treated with excess of alkali (see p. 163 )^ appear to 
approximate to the composition where 

R=NH4, K, Na, Li, and 112= Mn, Co, and there is evidence that 
they contain the complex anion [P204(Mo04)5], which is 8-basic. The 
free acid, however, has not been isolated. Molybdopyrophosphates 
of composition 2R20.P205.12Mo03.a;H20 (R=Na or Li) have been 
described.® 

Molybdohypophosphates. — Sodium molybdohypophosphate, 
Na2[P(Mo207)3]8H20,® is formed as a yellow crystalline precipitate 
when a solution of sodium hypophosphate, Na2P03.5H20, saturated at 
boiling temperature with molybdic anhydride, is cooled. It is spar- 
ingly soluble in water, the solution giving yellow amorphous precipi- 
tates with the chlorides of potassium, ammonium, and guanidinium. 

Molybdophosphites. — If an acidified solution of ammonium 
molybdate is warmed with phosphorous acid, a light yellow crystalline 
precipitate of the ammonium salt, (NH4)2rHP(Mo207)3]2H20, is‘ formed, 
the reaction forming a delicate test for the presence of phosphorous acid.^ 
The sodium salt, Na2[HP(Mo207)3]llH20, is slightly more soluble. It 
loses all Its water at 110'=' C. The potassium, lithium, and guanidinium 
salts have been prepared. 

Conductivity measurements show that these salts are derived from 
an acid which, like phosphorous acid, is dibasic, and must therefore 

contain the anion p(^°2P7)3l _ 

L. -ti 

Molybdohypophosphites. — A solution containing sodium hypo- 
phosphite (1 molecule), sodium molybdate (4 molecules), and hydro- 
chloric acid (7 molecules) gives, with ammonium chloride, white needles 


1 Ephraim and HersohfiixM, Zeitsch. anorg. Ohem., 1909, 64 , 266. 

Rosenheim and Traube, ibid., 1915, 91 , 75. ^ Kehrmann and Bohm, ibid., 1894, 7, 406. 
ibid 189^6" 4, 272 ; Friedheim and Mcschoirer, 


® Rosenheim and Schapiro, ibid., 1923, 129 , 196 . 

1906, [5], IS, ii., 203 ; Rosenheim, 
Weinberg, and Pmsker, anorg. Ghem., 1913, 84 , 217 ; Muller, ibid., 1916, 96 , 29. 

Rosenheim, Weinberg, and Pinsker, loc. cU. ; Rosenheim and Schapiro, loc. cit. 
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oi* Ihc salt. NIl4[lL^P(M()207)o](lI^^^ The eorresponding potassiuin 
and guanicliniiuii salts have been prepared, but contained admixed 
trimolybthite.- 

^rhe haloovn cottii)ounds, MoCl^.POCl, ; M0CI5.PCI5 ; / MoCl,. 
P(1r- and MoCI i.2PClr, ; and Mo3Br4(PO.iH2)2,‘* have been described. 

M'OLYimENUM AND A'RSENIC. 

M()ly!)d(‘nuin ars(‘nide has not been jnepared. Molybdous arsenate 
is fornual as a, gr(‘y pre(‘ipita,te wluai inolylxious (‘.iiloridci is treated with 
sodium arsenate ; t he prcei|)itate lirst redissolves but afterwards bectonies 
p(‘rrna.n(ait. Molyhdic* a,rsenat.e, ^olrtained in a. similar manner from 
inolybdic chloride, has been described b}' Berzelius, wlio also considered 
that an a.ci<l salt was |)roduc(al on dissolving inolybdic. hydrates in excess 
of ars(‘ni(‘ acid, sinc(‘ the solution turned hhu^ on standing.'^ 

Molylxiii* a(‘id forms with arsenic a,cid n, series of het(;ropoly-acids 
analogous to the moly bdophos|)hori(* acids deserilied al)ove. VVlien 
a- inixtun* of molybdi(» a, (‘id, arsenic acid, and an. sinirnonium salt is 
l)oih‘d I'or sonu‘ tiin(\ a, yellow (‘rystalline pr(‘(‘i|)ita.t(‘ is obtained of an 
lunrnoniiim moIyhdo“a,rs(‘nati‘. To this (x)m})()und Deliray gave the 
formula :5(NMI J/).As2<)r,.2()M()();{, a,nd (‘onsid(‘red that on boiling witli 
a<iua. regia, and (‘vaporaiing ih(‘ solution, tlu‘ r(‘siduc (contained two 
acids ou<‘ yellow, in which th(‘ ratio of AS2O5 to MoO.j wa,s 1 : 20, and 
tlu‘ oth(‘r white, with As2<)n : MoO;^ as 1 : 1 0. This was (‘untested by 
Si'ybeilh,^' who eonsid(‘r(*d that l)oth tlu‘ pr(‘ei|)itate and the acid 
obtain(‘d fr(un it contained As^Of, : MoOj^ 1 : 7 . Various otlu‘r acids 
and salts have lasm d(‘S(‘ril)(‘d, in which th(‘ ralio of AsoOf., to MoO-j 
difhi’s considerably, thos(‘ (‘ompounds rich in molybdi(‘ aciti geiierally 
l)(‘ing ydlow in colour, whil(‘ thos(‘ (*oni,a,ining less inolybdic acid are 
wliitm*” A satisfactory formulation of th(‘S(* compounds, showing their 
atialogy to ih(‘ molybdoj)liosphat(‘s, is la,rg{‘ly (hu‘ to HoscaihUim and 
his (‘o»work(‘rs. 

0-M<)lyl>do-iD\senat:es. T fre(‘ arid eorresponding to the 
ordinary |)iu)sphomoly bdi(‘ arid (st‘e |). KM) has not b(‘(‘n pr(‘pa,red, bu 
ilit‘ t.wo acid salts, As(IVl(>2P)7)(;l'l*n2lh wh(‘re: U.‘ Nll.i or K 

have Ix’cn obtained in ilu‘ form of dee}) yellow erystallim^ I)r(‘<l[>itatr‘i 
by adding arsimie add in small <|uaniities to solutions of tlu‘ molyl’ 
(faD's pnwiously mad(‘ add with nitric arid and (‘ontalning Ihe alkr 
nitrates. Tin* ammonium sidt servers for tlu‘^ analytical ddrr’tion 
arsenic ad<l, and tiu* pnalpitation is (|mmtiiativr‘ providing t.h<‘ (‘o 
(‘(‘III rat ion of hydrogen ion prt*s(‘nt is gr<*atrvr tlnm 0‘0:M) })er e(‘nl,., a,i 

^ \\<‘in!>rrg, juid tMank**!’, 1(h\ i'lt. 

•• Sr(‘ at.o Mnwruw, ZtiUch, itnmy. (7inn.,, HHU, 28 , Muwrcw luid Nikolow, il 
uua. i)2, laa. 

niniu' trand, ihid,, ISg^, I, 1*1. 

Smitii and Sarernt, ihid,^ IHIM, 6» 8H4, 

'• Cntnandcr, lUdL StH\ i'hrnh% 1878 , j^j, I9* ^ 66 . 

*' Smith and M.uns Zutudt, mttitif, iHlM, 5 * ‘180, 

' nnvrliiH. Pixjtj. AnnuUn, 1H26, 6 , 8-16? Trnltr dr (duiu.{i\ lHt7, 4 , -lOS. 

^ PrhrnVt CtHupi, e n(l,, 1H74, 78 , MOH. ,S«*n nlnn Strtivc, ./. praht, ('hrm., 1858, 5 i 
,PX\. ' ‘ S<*yh<Tlh, /:n\, 1871, 7 , 801. 

* b Sfi* Driaa^, h>r. rd. ; < IddiH, (*hrM. d, iHSi 82, 3 , 408; Vnu dw nn)nlt(‘r 

/nr., isse, 15. itr.!0 : ladald, iHHt, 17, 217 ; Diltc, (‘ontpl, nud,, I88(i, 102, 102 
KrintUinaa Kriti-n'h, 1H02, 2, 814, 

o Mnd<*mH, AiH H. Amtd, Linvri, 1010, |f)J, 19, ii,. 15 , 
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that ammonium nitrate is present. In less acid or neutral solutions the 
precipitate is white, and contains less molybdenum than the yellow 
salt. The corresponding guanidinium salt has not been obtained, but 
when hydrochloric acid is added to a solution containing 12 mole- 
cules of guanidinium molybdate and 1 molecule of arsenic acid, dtK^p 
yellow leaflets separate i of the 10-molybdo-arsenate, (CHsN,).^!^ 
[AsO(Mo 207)5]5H20. By treating 1 molecule of this salt with 2 
molecules of guanidinium carbonate, the heptabasic salt, (CIIsNjJ^. 
H7 [AsO(Mo 207)5]6H20, separates in the form of light yellow crystals 
which decompose when recrystallised. The conductivity corresponds 
with its formation as a normal salt. The fxee acid has not been 
prepared. 

9 -Molybdo- arsenates. — In this series the complex anion is more 
stable than in the two preceding series. The salts are deri\xnl from the 
acid, 2 

r As (M02O7 )4 (M02O7 )^As‘ " 

He He, 

L ^mo20, 

which is formed by agitation of a solution of sodium arsenate saturated 
with molybdic acid, with hydrochloric acid and ether. It is very soluble 
in water and yields two hydrates: Hjal Aso0.>(Mo.>07)j)|2MI.,(), red 
crystals, stable at ordinary temperatures; and ri“>| As202(Moo(),),] 
yellow crystals, stable below 8° C. On treating tlie solution 
with alkali hydroxide or carbonate, the alkali salts are obtained. The 
sodium salt, NasH<.[As2O2(MoaO,),]20H,O, is yellow, and is an acid 
salt, mdicatmg that the basicity of the acid is higlier than C.® On 
standing, the crystals of this salt crumble and ehange into a colour- 
corresponding yellow potassium salt, containing 
llllgO, changes similarly into a colourless 25 -hydrate. Normal salts 
of composition R-^As,02(MoA)9].*i’H,0 (R-=Cs, Ag, Tl, CH«N,), have 

been obtained by adding the metallic chloride to a solution of tlici yellow 
acid sodium salt, thus indicating that the basicity of the acid is 12. 

Arsenic compounds corresponding to the I 7 -mo]ybdo- 2 -phos- 
phates (see p 166 ) have not been prepared, but by mixing solutions 
of paramolybdates and alkali dihydrogen arsenates, white predui- 
tates of composition SR-^O.AsaOj.ieMoOa.aiH^O (R-=NH,.K) iiave 

Sn W ^ arsenic acid, and e.xtremely 

stable, and is obtained on adding fuming nitric acid to a concentrated 
solution of arsenic acid saturated with molybdic acid. It readily di.s- 

S crystallised in the form of white 

prisms. The trisodmm salt crystallises from water with 11-511 0 -uifl 

os::; 

^ Rosenheim and Pinsker, Zeitach. anorg. Chem., 1911, '70 79 
Rosenheim and Traube, ibid., 1915, or 75 ’ / . • 

■ ^ aa.* 04.,„ 1892. 2. 32J, 
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Salt of acids contaiuinj^ less molybdic acid for exaniplcN 2- and 

l-ni<)lybd()-a.rsctia,tes of the types R’ 2 H| As() 2 (Mo 04 )o|..rH 2 C) and 
R’ll 2 | As();j(!M()() 4 )|.a’ir 20 — have been described, as also have snlphnr- 
eonta, ininn' (*onvponnds of the types As.>SQ(MoS 4 ).>|.crIUO and 
R-[AsS2(MoS4)|..rn2(). 

Similar (‘omponnds with ardimany have been mentioned/'^ but it lias 
not yet benm established that this element can function as the (‘cntral 
atom of su(‘h complex anions or give rise to such series of heteropoly- 
c'ompounds. 

\'ana(lium, l.h(‘ first clement in Subgroup 5A, and neighbour to 
chromium, is found in association with molybdenum in certain com- 
])lex compounds. For example, when boiling solutions of molybdo- 
oxahit(‘s redact with vanadium pentoxide, crystalline products are 
obtained which arc thought to be substituted ^rlna, dates containing tlie 
eomplc'x anion 


V 


(C',0.) 

(MoO,);, 


III 


or 


■ (C 2 O,) 
V(Mo()4) 
O. 


wliile oth(‘r series of compounds are known, in wliicli anions of the 
types 

(V2()o) ^ 

1L>(Mo.>()7) 

^ o, 


I, 


.1 (v,()«) 

;^»(Mo 207 ).j 


are sujiposed to funetionJ^ By the interaction ol‘ molybdic*. a, (‘id and 
alkali meta,\ama(lat(‘s in axpieous solution, a number of cTystallinc* pro- 
ducts have* l)eeu obtained.'^ Tlu\se a})pea.r to lx* (‘omjilex molybdo- 
vanadal(‘s of two tyi>(‘s whi(‘h differ* (‘onsideralily in physi(*a.l propertic^s ; 
those* wliieli arc* rich<‘r in vamulium yield large orange-rcrl [)risms, 
whilst, those* |)<>or(‘r in this (‘lemervt crystallise* in y(*llow silky needles. 
Uomple*x arsen()ni()lyl>(l()vaiuulate‘s have also be(*n described.^* 


MoLYBDKNMM and U.AltUON. 

Molybdenum Carbides. The (‘arbide*, M 02 U, may l)c obl;ain(*d by 
he‘ating molybd(‘num dioxide wit.li carbon or with calcium ea.rbid<* in 
an (‘le‘clrie* furnaci*,** The* [iroduct shows a lirilliant, while*, crysl.allme* 
fracture*, clea,v<‘s readily, and has a de‘nsity of H*!). If a, mixt.ure* of 
fus(*d moly l)d(*num, e‘arl)on, and (‘xe‘css of aluminium is lK*ate‘d in the 
<*l<*etric furna(*e, the* carbide, MoU, is olitainejd as a, grey crystalline 
))owd(*r, of demsily 8- M) at 20" (!., and of hardn(‘ss 7 to 8. it burns 
re-adily in lluorine*, forming carbon tetralluoride and molybd(*num 

‘ Priodliciiu, lor. ril. 

•' S(‘<‘ Pror. Amn\ ArmL, l8Sr>, 21, HI), 165 ; /tm-fr. Chrm, IHHa, 7, :u;t 31)2, 

r»:M ; llnlh.prau, Potupl, frml„ 1896, IZ, 1066. 

(Jil)l>s, Anor. 1882 86, 4, 677 ; 1886 84,5. 674 ; Dit-U*. (JornpL rrnd., 

1886, 102.767. 1019, 1105; Fn<*<lh<4ia and Lk*l)(‘rt, /kr., 1891,24, 1176; Krit^dludm and 
('aHt(‘ndy<‘k. ihuL, 19<)(), 33, 1611; t^raiulil, ZHlfirk anmy. CV/r-w., 1912,79,97; Alx'gjj:, 
Hiinilhurh dvr (tnori/ttin.'ivhrn e'7^wnV^ (U*i|)/ig, 1921), voL iv,, pt. 1, 2nd half, pp. 1069, 
1052. 

Caruuai, (/arivlta. 1926, S3, 779; 1925, 55, 690. 

e'amu'ri, /5/f/., 1926, 53» 776. 

^ (■omjtt. rrnd,^ 1895, 120, 1620 ; 1897, 125* 869. 

^ Mtdaaan and Hotlinann, 1904, 13 S, 1558, 
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^uoride, and is attacked by chlorine, bromine, and iodine, but not by 
ydrogen, at higher temperatures. It is oxidised by heating in air or 
o^y^Gn, or by the action of cold nitric acid, but is only slowly attacked 
y other mineral acids, and remains unaltered in solutions of alkali 
hydroxides. 

Carbides of molybdenum have been prepared i by heating the finely 
powdered metal, or the trioxide, in a current of carbon monoxide or 
in a mixture of methane and hydrogen, and it was found from experi- 
men s at different temperatures that the limiting amount of carbon 
taken up corresponded with simple stoicheiometric'proportions. When 
molybdenum was heated with carbon monoxide, the product had the 
composition Mo^C at 600° C. and 1000° C., while at 800° C. the com- 
position varied between MoC and MojCj. 

j. Mo(CO)g, is formed when the finely 

subjected to the action of carbon monoxide at a pressure 
ot ^00 to 250 atmospheres and at a temperature of 200° C. The metallic 
molybdenum must be in a sufficiently active form, and is best prepared 
by reducing an oxychloride by means of hydrogen at a low tempera- 
ure ; obtained m this way, it is just pyrophoric when gently warmed, 
at highly refractive white crystals, of density 1-96 

at 15 u ibe crystals volatilise before melting, and can be sublimed 
hydrogen or carbon monoxide at a temperature of 
TYirMir ,.! 1 vapours decompose into molybdenum and carbon 
above 150° C. Its chemical properties resemble 
psnpf>^nlI^r° carbonyls. It is readily attacked by oxidising agents, 
bromine, which liberates carbon monoxide and rkains 
molybdic acid in suspension. 

tkot composition of the carbonyl® has shown 

represented by the formula Mo 5 (CO), 6 . The 
solvpntl^^ soluble in benzene, alcohol, and other common 

?iot b?mSe cryoscopic determinations of its molecular weight could 

Molybdenum and Cyanogen. 

; ^y^riides of molybdenum do not appear to have been 

1° wL? observiT^b of complex compounds have been described, 

it was observed by Pechard * that molybdenum dioxide dissolves in 
aqueous potassium cyanide forming a Longly alkaline bhie liquid 

iuimuia ivioUg^uJN j 2 . 2 IlLJN. The compound is readily soluble in water 
trt—n solutions of metallic salts characteristically coloured 
precipitates : bluish white with lead, pale brown with copper, greenish 
Hue with mercuric salts, and dark brown with silver salts. Seveml com 

bi obtSd containing tetravalent molybdenum, may 

; • .X recHction of potassium molybdate in presence of 

by reduotioi with hydroiylamine 
5 h crystals, of composition M0O2.4KCN.NI-LOH 

fi-HgO, are obtained, while on neutralising a solution of the oxychloride, 

• Ornstein, Ber., 1913, 46 , 1669. 

3 MaiJa m Chem. Soc., 1910, 97 , 798. 

^ Mond and Walks, ibid., 1922, 121 , 29. 

Peohai'd, Omnpt. rend., 1894, 118 , 804. 

xleide and Hofmann, Zeitsch. anorg. Ghem., 1896, 12 , 277. 
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MoOClj, with potjissiniu hydroxide and addin, exeess of |)otassinm 
eyanidt\ a. l>hu‘ solution results wdiieh, on further a,ddition of potassiiun 
hydroxide^, yields a bluish-red crystalline ])reei])itat(\ of c()in])osition 
IVioOjj. I'KU'N.lOlLO. This compound may also be obtainceP by the 
addition of a. larn’c excess of potassium cyanide to an a,(|ue()us solu- 
tion of the eoin|)ound Mo(()H) 2 (SClN);j.‘JC\r,n 5 N (sc^e below); when 
only a, sll<iiit excess of i)otassium cyanide was usc‘d, thc^ (H)mpound 
Kii\Io(0N),^.2n2() w'as obtained in yellow^ plates. The hitter compound 
was (irst obta,iiu‘d “ by tlu‘ action of potassium cyanide on, the double 
chloride' of potassium and molylxlenum ; it is rc'adily soluble in w'ater, 
and is stable towards a.eids and dilute alkalic's. When the aepieous 
solution is c'xposc'd to direct sunliiLi^lit, its colour Cilum|»'es to red a, ml 
tht'u to pah' o’l’c'c'iu hydrogen c^yaniclc lieing formc'd. 

Tlu' (‘omposition of this compound is |)a.ii,ieularly inleiTsting, sinc*e 
it w'as n'cognisc'd as tlie first compound wtth a, stalile coniplc'x ion of 
w’hic'h t.hc^ co-ordination number w''a,s greatc'r t.luin (>. The valency of 
tlie molyIxUaium |)reseut was for some': time in doubb'^ for whilst the 
c‘m|)iri('al 1‘ormula suggested that thc^ metal sliould bc^ tct-ravalent, 
titration with pt'nnanga.md.e indicxitc'd that it w^as in the penta, valent: 
condition : it w^as shown by Olssonf^ howewer, that; p(*nnanga.uate 
oxidisc'd tlie compound, not to molylxlic acid, Ixit to a. c*.omplex c.yanide 
of tlu' tyix‘ U‘jjMo(U.N)h, in w'hieii the molylxlenum is pcaitavalent. 
Olsson was unulile to isolate this c!om|)ound, but lu^ arrivc'd at his con- 
t'lusions througli th(‘ a.nalogous tungsten eonijiounds, arid lu^ did succeed 
in isolating tlie salts of this metal of the type H;.jW(('N)f^./rll 2 () (sec 
|>. 2G2). 

'two dc'linitc^ seric's of cxmvplex ni()lybdocya.nides, containing tetra- 
vakmt rnolylxU'num, arc' now^ rcxmgnisalilc^ : (1) tluj reddish-violet salb 

containing the (‘omph'X anion 



(Oil), 

(ON), 


nn 


which on c'vaporation with water are eonvc'rtc'd to l)hu; sal ts containir 
the anion 


Mo 


(). 

(t'N)., 


'211., O or 


().. 

Mo(H;())., 

(c:N)y„ 


and (*2) tlu‘ yellow .sails, obtained by the action of alkali (^yanidcs on 
the blue sells, of the lyia? U.‘ 4 lMo(t',N)^|. 

Reddish-violet Salts. Tlie iiotiussiuni salt, ] Mo(()ll),i(CN)^| 
Kj.dlUO, described above as MoO.^. iKt'N. lOlLjiO, yields reddish-violet 
inonoeliniir tables : 

a : b : e d) TO'2 t : 1 : 0 5725}. 


The difrereneii in water eoident, shown in the bitter I'orniula, is due to 
insullieient drying: it dried over sulphurii! acid llu' sa,lt has tlu^ eom- 
[losilion “ I MoO„( 1:N ),|K,(.(!llj,t). 

‘ R(>sruh<‘im a ml Kohs, /jtrUfich, nUimj, C’/im,, llHXt 49» f 

- C’liihbsntti, 0)04, 34 , 12), 4i):t 

•’ lloMi'ulH'un, < larftiiikfl, Hud Kohii, yjviUt'lu (tnorg. IDOO, 65 ? llHf; HoHcnliciiiu 

ihitL, 1010, 66 , Oa. 

Ol.sMon, /></'., 1014, 47 , 017, Hcdi also B(>H(sah(4m and Dilin, ibid.t 1015, 48 , 1107 ; 
( Jolh'idH'U':, Zril'ic/i, (UKny. Uhtm,^ 1022 , XSI, 20 B, 

lioat'uhrim, (larltuikfl, aiul Kohn, he, ciL ® Winkler, iJmeriaium, 1900. 
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[Mo(OII)„(CN),,]. 12 ILO, is similar to the potassium 

salt, and yields ( MoO^(CN).,JNii,. GILO wlieii dried over suli)liurie acid. 

Yellow Salts. The acid from which tliese salts are derived 
m()lyl>(h.eyame acid, lI,Mo(CN),, . 011 , 0 , l.as been prepared ■ by addi.m 
bydroehlorie aeid, ol density I-IO, to a eoneeutrated soIutioVi of the 
})otassmm salt (see below), extraetiii^f the i)reei])itate with aleoliol 
and preeipila, till, y’ with ether ia a freezing-- mi.xture. It forms yellow 
needles readily soluble in water and alcohol, the solutions l)('inn''sta,l)le 
and yieldin,sr on neulralisatioii with bases the eorresiiondini-- salts 

he pnhm/aw salt, K,Mo(CN)«. 2 ll, 0 , lirst obtained by Chilesotti 
as alieady described, yields yellow rhombie-bipyraniidal crystals ; 

a : b ; : l ; ()-;37ll.“ 

\Vhen heated to 110 " C. it loses its water of crystallisation. It is 
readily soluble m water. 

sconie neen'""-'"' f n’ <<>nns lij^dit yellow miero- 

scoi IC needles, insoluble in water, soluble in ammonia. 

gli,;3;i'r *‘"»M»«™)..8I1,0, yu.|,k l,ri,.ld, ydl,,,,. 

T1,,Mo(CN)„, occurs in lone;, lustrous, reddish- 

yellow needles, slij-htly soluble in water. 

The pijridiiikt III- salt has also been described. i 
his luive also been obtained by Hosenlu'im and 

trntitr . ■ ''‘'tit tlH- "lolybdieyauides in lioiliiifr eonei'u- 

CUfNlI^l S^ : (tie eadmium-ammine, 

(h 3 Nll''KlolrN rot l“ri’ * needles ; the eopper-ammine, 

<U'ep .irreen maalles ; the niekel-animine, 

Acr InH ami t|,e silyer-ainmine, 

^ lustrous yellow needles. It is probable that the 
lastmamed salt has -I moleeules of Nil., when first formed. 

Ihiocyanates of Molybdenum. -/Idiuayanates contatnin-r niolyb- 
evanid ''' '"''* 1 V'* known, but compounds similar to llum-omp’lcx 

mio 7’ tke central atom of a complex 

anion, have been prepared. 

IL IMid'SrMT'r.n Wv«k-nt molybdenum of the type 

Iri’vt ^ ‘I y J' l wliich ai)pca.r to lx* of this tync 

fOIIi oVm”nl''*' r* a”''"*.* *'■'“* Maas, who formulate them uath 

M > SC!N)^lf?^ mTo' '‘t,? and 

I i he potas'Nium ,sa t, K.,Mo(SCNL HI O 

"'■ If' .hi,,,:,.., 

, noil U, K,,Mo(l,.. H, yields oran^c-eoloured crystals, readily solulile 
red'VM e'V““ " “r i‘ ‘•LvM.a.Ili^ation, becoinimr dark 

met >d rl". dehydration, almost black.' 'I’he 

( thod ol i>te],a,ra ion used by Sand and Maas involy<-d the ele<-l rolysis 

Tb ■ < ‘‘r'’""" thiocyanate in hydrochloric aeid solution 

llu sodium and aminonium salts may be obtained by either of the two 

JtiwciilK'iiii. (inrluiikcl, iuiil Kohn, Zailmh. amry. Ohcm., lOOi), 6 '; Kii; 

.3 !»■«. 

and caf '”"“•.39. ItOI; darid 

aad ^ ( mi I ilO.S, 41 im ; itlsouiua,;, ihlt.fim, 

N'<‘ also Sca<!;liariiii and lartarini, UazzelUi, 1923, 53 , 87(1 


COMPOUNDS OP MOLYBDENUM. 


17.3 


methods described, while insoluble salts of copper, nickel, silver, and 
zinc are obtained by addition of solutions of these metals to a solution 
of the complex alkali salt. Many metal-ammine derivatives and com- 
pounds with organic bases have been described. 

The alkali hexathiocyanates are not isomorphous amongst them- 
selves, but each molybdenum salt is isomorphous with the correspond- 
ing chromium salt (see p. 99) thus : 

K3Mo(SCN)«.4H,0 
K3Cr(SCN)e.4H2b 
(NH 4 ).,Mo(SCN)e. 4 H ,0 
(NHj;Cr(SCN)6.4H,0 
Na3Mo(SCN)e.l2H2b 
Na3Cr(SCN)6.12H20 

The thallium salt, Tl 3 Mo(SCN) 3 , is formed as an amorphous, light 
yellow precipitate when thallium nitrate is added to a solution of the 
potassium salt. 

The molybdenum in these salts may be oxidised by ammoniaeal 
silver nitrate and the equivalent of the molybdenum calculated from 
the amount of silver liberated ; the results obtained indicate a trivalent 
molybdenum atom. 

2 . Compounds containing tetravalent molybdenum. When precipi- 
tated molybdenum disulphide is dissolved in a warm solution of 
potassium cyanide, a deep green liquid is formed which on concentra- 
tion yields " slender black needles of composition MoS 2 (CN) 2 . 2 KCN. 
The compound is also obtained by boiling a solution of potassium thio- 
molybdate with an excess of potassium cyanide until the red colour 
completely clianges to green. When heated with acids it yields hydro- 
cyanic acid and molybdenum disulphide. The green solution is pre- 
cipitated with alcohol, a greenish oil separating which gradually solidi- 
fies. An examination of the reaction between potassium cyanide and 
molybdenum disulphide suggests that three different compounds may 
be formed according to the length of time allowed for the reaction, 
namely, M 02 S 3 .CKCN. 5 II 2 O, which forms green silky crystals when the 
action goes for a short time ; Mo 2 SO(CN) 2 . 4 lvCN. 4 H 20 , obtained as 
beautiful reddish-brown needles by evaporating the reacting mixture in 
a vacuum ; and Mo 3 S^(CN) 3 . 5 KCN. 7 H 20 , which results in large black 
crystals (green by transmitted light) on allowing the preceding salt to 
remain in contact with the mother-liquor over suli)huric acid. The 
mode of formation and the properties of these compounds indicate the 
presence of tetravalent molybdenum, but in order to establish their true 
nature fiirther investigation is desirable. 

3 . Compounds containing pentavalent molybdenum. When a solu- 
tion of ammonium molybdate and ammonium thiocyanate is reduced 
electrolytically and the resulting liquid extracted with ether, all the red- 
colouring substances pass into the latter ; on adding pyridine, a, com- 
pound, of composition Mo(OH) 2 (SCN) 3 (C 5 H 5 N) 2 , is obtained® in the 

^ Pochard, Com>pt. rend.., 1894, ii 8 , 804. 

2 Heide and Hofmann, Zeitsch. anorg. Chem., 1896, I 2 , 277. 

« Sand and Burger, Ber., 1905, 38 , 3384; 1906, 39 , 1761. See also Braun (Zeitmh. 
anal Chem., 1863, 2 , 36 ; 1867, 6 , 86 ; J. prakt. Chem., 1863, 89 , 125), Kalischer {Dmerta- 
tion, Berlin, 1902), Rosenheim and Koss {Zeitsch. anal Chem., 1906, 49 , 148), for a dis- 
cussion of this and similar compounds. 


>pseiidO“hexagonaL 

> rhombic. 

> asymmetric. 
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form of dark brownish-red feathery aggregates of crystals, which may bti 
reerystallised from hot alcohol, and which melt and decoin|iosc at ('. 
Similar compounds with other organic bases have been described. 


Molybdenum and Silicon. 

Three silicides of molybdenum have been deseril)ed, but only oiu', 
the disilicide MoSij, has been definitely establislual as a tnu^ eonq'iound.' 

Molybdenum Monosilicide, MoSi, is formed ‘ wlum tli<‘ metal i.s 
heated with amorphous silicon in a vacuum to 1100'' to I'iOO" C. The 
product is unattacked by acids. 

Molybdenum Sesquisilicide, MOaSb,, is said - to result, when 
crystallised silicon is heated in a carbon enieible in tlu^ electric furnace 
with the oxides of molybdenum obtained by (“aleining anmioniiim 
molybdate. The mass is disintegrated by electrolysis in' hydrochloric 
acid, and the residue successively treated with aqua regia, caustic 
alkali, and hydrofluoric acid. The silicidc burns in elilorim'mil’ 000 " 
with formation of silicon tetrachloride and molybdenum inMitaidiloride * 

Molybdenum Disilicide, MoSk, may be ])repared •' by beatimr ii 
mixture of the oxides of molybdenum, silicon, and boron w'ith metallic 
copper and aluminium in an arc furnace, cryolite being addc'd as a llu.x 
and lime as a retarder to prevent the reaction becoming too A'iolent' 
by heating a mixture of copper silicide, containing 50 ])er cent silicon’ 
and amorphous molybdenum in an electric I’uruaec ; » or by iimitim^ a 
imxture of molybdic anhydride, powdered aluminium, (lowem of ,sail- 
phur, and fine sand in a Hessian crucible by tlie (loldseluniilt alumino- 
thermic method.® Molybdenum disilicide crystallises in lustrous iron- 
grey prisms, of density » 6-31 at 2()-5“ C. It remains unchanged when 
heated in air or in oxygen, and is very resistant to acids, although it 
readily dissolves m a mixture of nitric and hydrolluorie a,ei(ls It 
reacts with fluorine at ordinary temperatures, with chlorine at al.out 
400 C. and slowly with bromine in presence of hydrogen at a, red 
heat ; it also dissolves in fused alkalies, and in mixtures of these with 
alkali nitrates and chlorates. 

Molybdosilicic Acid and MolybdosiIicates.-..\\'l,en a boilin.r 
solution of sodium silicate is saturated witli molvhdie acid it; Ix^comcs 
intensely yellow, and on evaporation at 45^ C. deposits N'vliow ervstHls 
rf composition 2Na,O.SiO,l!!M„0,.2,n,0.s Tl, o' I!;!"., 
be obtained by heatmg a mixture of sodium sili(‘a,l,(‘ and molyhdi'c acid 
with a htt e water m a sealed tube at 150“ C.,« or by addition of 
hydrofluosiheic acid, or sodium silicolluoride, to an a,eidified sohdion 
o sodium molybdate. By these methods, or by double' decomposition 
numerous salts have been prepared, and they are considered by Rosen’ 
heim to belong to a type of heteropoly-compounds of gt^nc^raf formula 

Il*4H4[Si(Mo207)«].adl20, 

I Wedekind and Hntscli, German Patent 2942G7 (191(n 
Vigouroux, Compt. rani,., 1899, 129, 1238 
^ Watts, Trans. Amer. Blectrochem. Soe., 1900 o 105 
* Defacqz, Compt. rend., 1907, 144, 1424 
“ Honigsohmid, Monatsk, 1907, 28, 1017. 

■ ('«'■ '“I- 

1881,92^1234; 18*8^^94%^^^'^*' (Joni^d, rmd,, 
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beiiiij: acid sails of an octobasic acid.’’* Salts of [)ra,<*ti(*ally all tlu': 
common nu'tals have l)een prepared.- Many ol‘ them form dirieixad; 
hydral(‘s, and they are visnally isomorplioiis Nvith tlu‘ (*orrc‘Sj)on(lin.ij^ 
silicotun,<»’sta,l.(‘s. The sodium and alkaline c‘a,rth salts a,r(^ rea,dily 
solubl(‘ in \va;tc‘r, the potassium and ammonium salts are less soluble, 
while the iiiereiirous, thallium, and rul)idium salts are vc‘rv s})a,rin<»'Iy 
solul)le. 

12-Molybd()silicic Acid, HJSi(Mo207)(j].28H20, is i)repared by 
dc‘(‘omposin<>' tlu‘ sodium salt with dilute sulplmrie acid and extracting 
with cdlua',‘* It yidds trans|>Jirent oetahedra whicli melt at 47'“' to 
55*’ Ch to a. uniform licjuid. Crystallised from hot nitric acid it yields 
a lower hydrate with Mdb/). 

\Vh<‘n an alkali chloride or nitnit(i is addcul to a, solution of the acid, 
or wlu'ii solutions of the tetral)asic salts are: trc‘att‘d with hydrochloric 
acid, yellow salts of fornuda lC,ll^,[Si(Mo./) 7 ),;hrn,() (lC.=Na, K, Ag) 
are obtahual, Attcaupts to produce th(‘ normal alkali and gua/nidinium 
salts hnxc not bea'n sueccssfvd, l)ut on addition of (‘onceaitrated silver or 
mercurous nitrate' solutions to a solution of the tcl.rahasie; sodium salt, 
ye'llow crystalline' pre(‘i{)itat('s, of c()m|)e)sition Agj^|Si(M()./) 7 )(;|. 15 n./) 
and ng„|Si(Mo./) 7 )(j|, are (fbtaincel.'* 

Ce)m})ounds cejutaining vanadium, ol‘ the tv|)e R.*( 5 lIo|Si(M()*> 07 )r 
(Vo()<j)]*‘Ml 2 (), have Ix'cn dc'se^ribed.^ 


MoLyBDrVNlJM AND DOUON. 

VVIk'U iiie)lyl)(lenvim and l)or()ti arc luxated t.oge'tlu'r in tlu; (‘le;cl:ric 
fiiriuicc' crystalline borides are; ])roduccd. Hy lu'allng a mixttire (‘on- 
taining d grains ol‘ nu'tallie; molylxleiium, ol)taine'd by re'eluction of tlie 
trioxiele' and 1 grain of lioron, Tudee'r a,nel Moody obtainc'd a. homo- 
ge'iu'ous proeluct which was free' from e'arlxm a,nel siliexin. It was 
('ryslalliiu' in struedure', of hardne'ss 1) aiiei e)f elemsity 7-1 05. It was 
epiite' brittle', am I em fractiire she>we'el a brilliant me'tallic lustre' similar 
t.e> that e)l' pale' brass. Ileit cone'cntrateel ae'ids attae'ke'd it slowly, but 
he)t a,e|ua. re'gia. ae'te'el meire vige>re)usly. Analysis sliowexl the; pre;se'ne;e 
e)f 8() pe'i* e‘e*nt. e)f medybdenum, and the formula. Mei.jH.,, whie'h re;ejuires 
HOY ]X'r e'e'ul. IMe), was sugge'steel. ddicse ('Xjie'rime'nts, he)we;ve'r, we're; 
re'peated by We'de'kind/ wlu) eilitalncel a prexlud: e*e>ntaining HH pe'r e*e‘nt. 
e)f nuilybde'uum aiiel O-O pe'r ce'nt. e)f Ixiron, se) that the' meilybek'nnm 
e'onte'nt. was teie) high to agree' witli the alx)ve feirmula, e‘sj)e‘e‘ia,lly in view 
e)f the' fa.e*t that the; beiriele ('ontained impurities. VVe'ele'kinel alse) pre)- 
ehu'cel an impure' beiriele', having the appreiximate' e*om|)e)sition Me)o,H, 
by passing a,n are* Ix'twe'e'u clee'trexkis (made by submitting mixture's e>f 
liiu'ly pe)wele‘re'el molylielcmim and boron to hyelraulie* pre'ssnrc) in a 

‘ MiohiU luid Id'/.y:igh<‘Ui, J. prakL 1008, [2], 77» J EoHe'iilKnru ainJ Idiiwkor, 

ZnU'irh. anoty. (■hnn,^ 1011, 72. 

« t’or aiul crystallograpluei data of HaltH, Hen; Copaux {loc. cU.) and AH<jh 

{l(>(\ viL). 

AhcIi, lor. rit. ; l)n*chH(‘l, JSrr,y 1887, 20, 1452, He*(; alHo Parmentior, (kmipt. rand.f 

1882,94,212. 

* KoHcedu-ita au<l diinurke^ Zmtmh. anorg, CAm., 1017, loi, 225. 

® Ane-h, loc. rit. 

Kri(‘diu-iin and ( 'aHlciidyeik, i^an, 1900, 3$, 1011, 

’ 'tuckfa' atid Moody, Trans. Ohrm. Hoe.^ 1002, 8l, 14, 

** Wtidedvinel aial Jocluiin, Hct.^ 1012, 46 , 11 OB. 
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vacuum electrical furnace; the heat brought about the formation of 
the boride with disintegration of the electrodes. 

Non-crystalline alloys of molybdenum and boron have been 
obtained ^ by heating together molybdenum dioxide and boron in 
magnesia crucibles. These alloys, containing up to 46 j^er cent, of 
boron, decrease in density and increase in hardness with increase in the 
percentage of boron. They are not attacked by hydrochloric and 
hydrofluoric acids or by alkalies, but concentrated sulphuric acid acts 
on warming, and dilute nitric acid dissolves them in the cold. 


Detection and Estimation of Molybdenum. 

Molybdenum most frequently occurs in the hexavalent state in 
derivatives of the trioxide M0O3, this being the fully oxidised condition 
and its most stable form. The lower oxides and their salts can readily 
be oxidised to molybdates, and this is usually done before the metal is 
estimated. 

Detection : Dry Tests . — When mixed with fusion mixture and 
heated on carbon in a reducing flame, molybdenum compounds yield a 
blue or dark red incrustation. The borax bead gives a brown colour 
when hot, which becomes green on cooling, but more distinct colours 
are obtained with a bead of microcosmic salt. Molybdenum compounds 
impart a faint yellowish-green colour to the Bunsen flame. Traces of 
molybdic acid and its compounds may be detected ^ in a powder by 
adding a few particles of the latter to a drop of sulphuric acid on a 
platinum foil or on porcelain and heating until thick fumes are evolved ; 
on cooling and moistening the residue with the breath, an intense blue ^ 
colour appears, which vanishes on heating but reappears on cooling. 
The colour is permanently destroyed if water is added. 

Wet resfe.--When hydrogen sulphide is passed through an acidified 
solution containing molybdenum, the trisulphide is thrown down. The 
precipitate dissolves in ammonium sulphide, and it is therefore in 
ordinpy analysis separated with the Group IIb metals, namely 
arsenic, antimony, tin, gold, and platinum. The last four metals may 
be precipitated by addition of metallic zinc,^ the arsenic expelled by 
evaporation, and, after taking to dryness with nitric acid, the molyb- 
denum may be extracted from the residue with ammonia The tri- 
sulphide may be reprecipitated directly by the addition of nitric acid 
to the solution in ammonium sulphide. A soluble sulphide added to a 
solution of ammonium molybdate gives a blue colour 

Various colour efiects are obtained by the addition of reducing agents 
to solutions of molybdenum compounds. Zinc in the presence Sf acid « 
and stannous chloride, produce colours changing from blue to green 
brown, and yeUow. Sulphur dioxide produces a bluish-green coloration 
or precipitate according to the amount of molybdenum present. A 

' du Jassonneix, Oo-mpt. rend., 1906, 143, 169 

38 s 7 s“; is. Sk m'”*' “• 

4 ^ presence of vanadium the colour is more or less green 

Friedheim temf laf mdybdates,’ see 

^ Reichard, Chem. Zeit, 1903, 27, 1. 
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blue precipitate is also obtained when sodium thiosulphate is added to 
a slightly acid solution of ammonium molybdate. 

Precipitation reactions with ordinary reagents are not very char- 
acteristic. A neutral solution of molybdate gives with silver nitrate a 
white, curdy precipitate soluble in ammonia or nitric acid, and with 
barium chloride a white precipitate soluble in hydrochloric acid. 
Disodium hydrogen phosphate added to a solution of ammonium molyb- 
date gives a yellow precipitate of ammonium 12-molybdophosphate 
(see p. 164) insoluble in nitric acid, soluble in ammonia. 

Numerous colour reactions for the detection of molybdenum have 
been described, some of which are extremely sensitive, Plydrogen 
peroxide gives a yellow colour with a molybdate in presence of sul- 
phuric acid ; ^ if the solution is first evaporated and the residue treated 
with concentrated ammonia before adding the hydrogen peroxide, a 
cherry -red or pale rose coloration, due to the formation of ammonium 
permolybdate, is obtained.^ A delicate test for molybdenum in presence 
of mercury consists in precipitating mercurous iodide by means of potass- 
ium iodide ^ and redissolving the precipitate in excess of the reagent, 
whereupon reduction to mercury takes place which in its turn reduces the 
molybdate and the supernatant liquid turns blue. Very dilute solutions 
of molybdates are not affected. The blue colour may be obtained with 
tungstates, although the test is of little value for their detection ; in 
order to determine whether the blue colour is due to molybdenum or 
tungsten, potassium thiocyanate should be added, when, if the former 
is present, the blue colour turns to blood-red. In a similar manner 
reduction of a molybdate by means of zinc in presence of thiocyanate 
yields a crimson colour ; if iron is present, the red colour first produced 
disappears as reduction proceeds and the crimson for molybdenum 
develops.^ When a solution of a molybdate containing an alkali thio- 
cyanate is treated with concentrated hydrochloric or sulphuric acid, a 
purple colour is produced,^ while, if instead of the mineral acid acetic 
acid is used, the colour is yellow,® and if the solution is concentrated, 
yellow acicular crystals, of composition ^ R‘SCN.R' 20 -^lMo 03 . 5 H 20 
(R‘=K, NH4), separate. Reduction of a molybdate by means of 
stannous chloride in presence of a thiocyanate, and extraction of the 
red compound formed by means of ether, affords an extremely delicate 
test for traces of molybdenum, 1 part of molybdenum in 625,000 parts 
of water being readily detected.® 

Similar colour reactions to the above are based on the reducing 
action of certain organic compounds. For example, a solution of an 
alkali molybdate in acetic acid gives ® an orange colour with pyrogallol 
or pyrocatechol, and a deep blue colour with quinol or hydrazine, while 

^ Werther, J. pralct. Chem., 1861, 83 , 195 ; Schonn, Zeitsch. anal. Glwm., 1870, 9 , 41. 

2 Melikoff, J. huss. Phys. CJiem. Soc.^ 1912, 44 , 608 ; Komarowsky, Chem. Zeit, 1913, 
37 , 957 ; Bettel, Chem. News, 1908, 97 , 40. 

2 Kafka, Zeitsch, anal. Chem., 1912, 51 , 482 ; Pozzi-Escot, Bull. Soc. chim., 1913, [4], 
13 , 402, 1042. 

^ Moir, J. Chem. Metall. Min. Soc. S. Africa, 1916, 16 , 191. 

^ Braun, Zeitsch. anal. Chem., 1863, 2 , 36 ; 1867, 6 , 86 ; J. praJct Chem., 1863, 89 , 125. 

® Pochard, Compt, rend., 1894, 118 , 804. 

^ Barbieri, Atti R. Accad. Lined, 1919, [5], 28 , i., 35L 390. 

® Sterba-Bolim and VostrSbal, Zeitsch. anorg. OAem., i920, no, 81. 

^ Moir, loc. cit. See also Weinland and Gaisser, Zeitsch. anorg. Chem., 1919, 108 , 231 ; 
Weinland and Zimmermann, ihid., 1919, 108 , 248 j Weinland and Hiitlimann, Arch. Pharm., 
1924, 262 , 329. 
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with excess of plienylliydrazine a red colour is obtained.^ An alcoholic 
solution of diphenylcarbazide gives an indigo-violet colour when added 
to a slightly acid solution of a molybdate, a violet precipitate being 
formed with excess of the reagent ; ^ tungsten, vanadium, and titanium 
give no reaction. Tannin gives an orange coloration when added to a 
neutral solution of molybdic acid,^ which becomes cherry-red in con- 
centrated, and yellow in dilute, solutions. The colour is not altered by 
boiling, but is destroyed by the addition of acids. 

One of the most sensitive reagents for molybdenum is xanthic acid. 
It was first observed by Siewert ^ that this reagent gave a characteristic 
red colour with molybdenum compounds. To a freshly prepared 
xanthate solution, made by shaking a solution of potassium hydroxide 
in absolute alcohol with excess of carbon disulphide until no more of 
the latter dissolves, a 30 per cent, solution of acetic acid is added until 
a slight yellow turbidity appears. This solution is added drop by drop 
to the solution to be tested, and if molybdenum is present a red colour 
develops, the intensity of which is proportional to the amount of molyb- 
denum present.^ The test is capable of detecting 0-00000064 gram of 
molybdenum per c.c., and is not affected by the presence of vanadium, 
tungsten, titanium, or uranium, so that it may be used for detecting 
the element in iron and steel. Chromates give a dark colour with 
xanthic^ acid, and should therefore be first reduced if present. 

Estimation of Molybdenum.— In the analysis of molybdenum 
ores, a solution is best obtained by fusion with sodium carbonate and 
potassium nitrate and extraction with hydrochloric acid. In the case 
steel, the metal may be dissolved in a mixture of hydro- 
chloric and nitric acids with gentle heating so that the iron is oxiclised. 
bumcient sodium hydroxide is then added to precipitate the iron and 
'"I the molybdic acid on heating. After cooling, the alkali is 
eutrahsed with hydrochloric acid, and the molybdenum may then be 
estimated by one of the methods to be described.® 

Gravimetric Methods. — The metal is conveniently precipitated 
from solution as lead molybdate ’’ by means of lead acetate in presence 

^ isV” ' 

» Pozzi-Escot, Com'pt. rend., 1904, 138, 200. 

Siewert, Zeitsch. ges. Naturwiss., 1864, 23, 5. 

Malowan, Zeitsch. anorg. Chem., 1919, 108, 73; Koppel, Ghem. Zeit., 1919, 43, 

of molybdenum ores, see Hoepfner and Binder, 

ibid., 191of 49, 360 • Mailer and t913, 52, 629 ; Trautmann, 

J. Amer. C&. Sol, 1908 ^ 12M “iZf 2114 ; Blair, 

Dyke, Cruser, and Miller ’ibid 1904’ 26 fi7ti ^S. 215 ; van 
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ol‘ act'l.ic- iicid. 'I'hc preeipit.iite is firannlur, :uul after \vasliiui>' with hot 
wa,t.er, is dried, ignited, and wciglu'd as l»hMc)0,,. Hy tiiis means inolyl)- 
di'inim may he completely separated, if the solution is sidlieiently aeid, 
from copper, cadmium, merenry, arsenic, phosphorus, iron, ahmiinium, 
chromium, zinc-, manganese, nickel, cobalt, calcium, barium, strontium, 
nuiyiiesimn, or uranium, but vanadium or tuiifisten, if |)rc'sent, must 
first be removcsl. I\loiyl)denum may also bcf preci})itat(‘d as the trisul- 
phidc', and (he preeii)itat(^ ijrnited and weiKlu-d as the trio.xide, MoO.,.' 
Tlie conversion of tin- suli)hide to the trioxidc- is complete at about 
400" C'., and above ■150 ' U. the trioxide sublimes ; the temperalurc- 
must f herc-fore be maintained at 400” to 425" and this is hc-st doue 
by nsin<r the electric; furnace-. If the ore under exaiuination has been 
fused with alkali carbonate: and the alkali molybdate- c-xtrac-lcd, ei, 
seiitahle method of c-stimation is the prc-ei|)itation ‘of tlie molybdenum 
as merc-urous molybdate by means of mc-rc-urous nitrate-, the- lei-e-c-ipitiite- 
then lu-infi; c-onve-rteel te: ihe trieexiele l)y ffcntle iHnitie>n. If chromium, 
vamvelium, tunyste-n, arsenic-, or phosphorus are- pre-sent, the-se- c-lc-me-nts 
will also be pre-e-ipitate-el, sei tluit a se-paration slieadel first he- e-ITe-c-te-el.'-^ 

A me-theiel, suitable- fen- the analysis eif meilybelate-s and molybde-num 
ore-s, c-emsists in heatiny the- subslane-e- at tOO'' In oOO" ('. in a. stre-am of 
carbon te-trac-hloriele- \apour,-‘ whe-n molybelie- ae-iel volatilise-s and may 
be ceillceteel in a, re-c-e-ivc-r, c-vajieirate-el with nitric ae-iel, ifcnited, anel 
m-iglieel. If irem is prc-sc-nt it alse) \'e)latilise-s, anel must be se-]>a.ratc‘cl 
from the- conelense-ei preHluc-t. 

Volumetric Methods. Meilybdie ae-iel anel seiluble: molybdatc-s, 
whem boilc-el willi potassium ieieliele: in [ire-seiu-e- eif hyelroe-hloric a.c-id, are 
recluc-e-el, while; fre-e; ieieline- is libe-rai.e-d ac-c-ordiiuf tei "the- e-eiuatiem ‘‘ 

2Me>0, I IKI I IdlUl 2Me.()J | I, | Idvt'l | 2IL(). 

The ioeline; may he- e-stimate-el by me-ans of a. slnnelard thieisuliihate 
solution, eir by shakin<,c with spe-c-ially i>i-e-pare-el e-le-e-treilytie; silve-r ■’ in 
an atmosphe-re- e>f hydro<ce-n, anel me-asuriiifj: the; inc-re-ase- in we-ifcht of the- 
silve-r ; or, .-ilte-r re-movin”; t he; ioeline- by beiiliii}', the- meilybde-num in the 
reeluc-c-d seilution may be- elire-c-tly e-stimate-el by re-eixiela'tiem in alkaline 
sohitiem by me-ans of slanelard ioeline- or [lotassium pe-rmanijanatc-. 

_ Other me-thoels arc; similarly base-el on the; re-elue-tion of molybelie 
ac-iel ; lor e-xa.mple-, by me-ans e>f -/.ine-,*' maifiu-sium,'^ en- sul|)hur dioxide-," 
the rc-sultinic seilution the-n bc-inif titratc-el with stanelard |)otassium pe-r- 


* Bindt*!’, (Jliviih, ZnLy 1918+ 42, 2^5; Wulf» Zt'itMh. ttiujcu'. ('hfukt 31., I, l«lf) • 

Trautmaim, ibid., I<M0, 23, limi ; Steorha* Bdhm ami VoMB’o'bal, he, eiL ^ ' 

Kor oMi<‘r methods, hi ‘0 .latmaHidi ami Laufa*, «/. prabt. ('hem,, |21, 97 Io| • 

dnniiaseh and B>(‘t4re.s, Her,, 100*1, 37, 22H), On the Mi^imraiion, of molvi.dlmiim nad’ 
tiuvL^sfen, set' Marhaker, ./. , Iwr, (Jhem, Hoc,, Ullfi, 37, HO; Mt-mll, ibid, 11)21, 43 23, S3 • 
Hall, iVaV/., 11)22, 44, M()2 ; KinK, Iffd. Eng, hhmL I02:k 15, ,350 ; Kttppi*!, ('hem,' Zeit!, 


.Jaima.scli and Lauhi, prali. Ohem., IlHH, |2|, 97, 15-1. 

Bis'kiiis, Avirr, ./. Hei„ 1010, ld|, 29, 540; ZeilHeh, mump ('hem,, 1010, 67, ,3 <11 • 
Hooe.h and Bidman, Amer, ,/. HcL, H)0I, [41, 12, 440; (hmnh and FairbankH, ibid, IHlxf 
|41, 2, HiO. 

’’ INs'kins, loe. eiL 

« Noyes and Krithman, J, Amcr, (Jhem, HtfC„ 1013, 35, 010 ; Beinhanit, dhew,, ZeiL, 
IHHO, 13 , 3.3 ; Ivnecht and Atank, Annlgiif, 1011, 36, OH ; Heutt, ,/. /mi, fCmj, ('hem., 1020 
12, 578 ; Na-kn'/omt, ./. (Jhem., Ho(% Jupan^ 1021, 42, 520, 

’ (duHsmann, Her., 1005, 38, 004, 

» Kelgier, Arntr. J. Kci., 1!)08, [4j, 25. 332. 
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manganate.^ The Jones reductor is most generally used,^ the molybdic 
acid solution being passed through a column of amalgamated zinc into 
a solution of ferric alum. In the absence of titanium, tungsten, 
chromium, and vanadium, the reduced solution may be titrated with 
a standard solution of methylene blue.^ The solution of ferric alum 
may be replaced by hydrochloric acid containing iodine mono chloride 
solution and chloroform,^ the liquid then being titrated with potassium 
iodate solution, when the reaction proceeds according to the equation 

KIO3+M02O3 2 HC 1 =KC 1 -I-M02O5 + ICl -f-HgO. 

Small quantities of molybdenum may be determined ^ by reduction with 
excess of titanous chloride, and titrating back with ferric chloride solu- 
tion, potassium thiocyanate being used as indicator ; or the reduction 
may be followed electrometrically.® If tungsten is present it must be 
eliminated by precipitation before the addition of the reducing agent. 

Colorimetric Method. — Molybdenum may be detected quanti- 
tatively by means of the xanthic acid test already described (p. 178). 
The red product is extracted with a mixture of ether and light petroleum 
(65 : 35) and the extract diluted with another mixture ^f ether and 
light petroleum (30 : 70) for comparison with the standard solution.'^ 
If pure ether is used, decomposition takes place. 

Electrolytic Methods. — Molybdenum may be accurately deter- 
mined in solutions of molybdates by means of electrolysis. ^ In presence 
of free sulphuric acid the metal is completely precipitated on the 
cathode as the hydrated sesquioxide. Hydrochloric acid may be used 
instead of sulphuric acid to accelerate the deposition. The precipitate 
after washing may be converted by gentle ignition to molybdenum 
trioxide, and weighed as such. 


^ See also Eontes and Thivolle, Bull, 80 c. Ghim. biol,, 1922, 4, 614 • 1928 K 82^ • 
Bull. 80 c. chiTYLi 1923, [4], 33 , 844 ; Feigl, Chem. Zeit,, 1923, 47 , 561 ; Feisl and Neuber’ 
Zeitsch. anal. Chem., 1923, 62 , 369 j Vila, Gompt. rend., 1923 177 1219 * 

“ d^^^cribed’by Wardlaw and Sylvester, 

^ and Atack, Analyt, 1911, 36 , 98. For the determination of molybdenum and 

vanadium in a mixture of their acids, see Edgar, loc. cit . ; Glassmann, Ber., 1905, 38 , 600 
^ Jamieson, J. Amer. Chem. 80 c., 1917, 39 , 246 ^ 

s Travers, Compf. rend., 1917, 165 , 362. 

! Fenwick, J. Amer. Chem. 80 c., 1923, ak 928 

‘ Malowan, Chem. Zeit., 1918, 42 , 410. 

m 5 i®“ 22 R’ ^3- 669 ; Chilesotti and Rozzi, 

ill ’ yberry and Snuth, J. Atner. Ohem. Soc., 1907, 20 , 806 For 
J AZT ch^ Sol ''m 6 fi fiZ molybdenum by electrolysis, see McKay and Kurman, 
9 ’ ,TreadwelI, Zeitsch. Mektrochem. , 1913, 10 . 219 

bischer and Weise, Zeitsch. anal. Chem., 1912, 51 , 537 . ^ 


CHAPTER VI. 


TUNGSTEN. 

Symbol, W. Atomic weight, 184*0. 

Occurrence.^ — Tungsten usually occurs in nature as tungstates of iron, 
manganese, and calcium. The most important mineral is wolframite^ 
which consists essentially of an isomorphous mixture of iron and man- 
ganese tungstates, (FeMn)W 04 . It is found in the Urals, Spain, 
Saxony, New England, Colorado, New South Wales, Malaya, and in 
Cumberland and Cornwall, usually in massive or platy aggregates of a 
black or brownish-black colour ; sometimes in well -formed monoclinic 
crystals.^ The ore possesses one very perfect cleavage ^ which causes 
it to split readily into thin flakes ; it has density about 7*3 and hard- 
ness 5*5. It usually accompanies tin ores, from which it may be 
separated by electro -magnetic methods.^ The proportions of iron and 
manganese present vary within wide limits, but usually Fe : Mn =4 : 1 
or 2 : 3. The most usual composition of wolframite is^ FeO = 18*96 
per cent. ; MnO=4*67 per cent. ; WO 3 =76*37 per cent. Minerals con- 
taining more than 80 per cent. MnWO^ are known as hubnerite,^ and 
such are found in Nevada and South Dakota. Ferherite was the name 
given to massive granular crystals of wolframite found with quartz in 
Southern Spain and believed" to be pure ferrous tungstate, FeWO^, a 
conclusion which was not borne out by analysis. However, specimens 
from South Dakota have been shown to contain no manganese. Ferrous 
tungstate also occurs as reinite, in Japan, in the form of tetragonal 
pyramids. 

Ferritungstite, Fe 2 O 3 .WO 3 . 6 H 2 O, occurs associated with quartz in the 
State of Washington. It is a brownish-yellow mineral which under 
the microscope is seen to consist of hexagonal plates. 

^ des Cloizeaux, Ann. CJmn. Phys.^ 1870, 19, 168, states a : b : c =0*8300 : 1 : 0*8678 : 
/5=89° 21*6'. 

2 Rastall and Wilcockson, “ Monograph on Mineral Kesources with special reference 
to the British Empire,” Imperial Institutey 1920. 

^ See Hauy, J. des Mines, 4, No, 19, 3 ; Rose, Pogg. AnnaUn, 1837, 40, 395 ; 
des Cloizeaux, Gompt. rend., 1869, 69, 868 ; D’Elhuyart, J. des Mines, 1794, i, 
No. 4, 26 ; Vauquelin and Hecht, ibid., 4, No. 19, 5 ; Bernouilli, Pogg. Annalen, 1860, 112, 
607 ; Ebelmen, Ann, Ghim. Phys., 1843, [3], 8, 505 ; Schaffgotsch, ibid., 1841, [3], 2, 532; 
Beville, ibid., 1861, [3], 61, 344 ,* Irving, Trans. Amer. Inst. Mining Engin., 1901-02, 
31, 683 ; Nicolardot, Gompt. rend., 1907, 144, 859 ; Finlayson, Oeol. Mag., 1910, [5], 
7, 19 ; Granell, Zeitsch. Kryst. Min., 1912, 50, 472 ; Wherry, Proc. U.S. National Museum, 
1914, 47, 501. 

Dewey and Bromehead, “ Special Report on Mineral Resources of Great Britain,” 
vol. i., Tungsten and Manganese Ores, 1916, Mem., Geol. Survey. 

® Hess and Schaller, Bull. U.S. Geol. Survey, No. 582, 1914. 

» Schaller, Amer. J. Sci., 1911, [4], 32, 161. 
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Scheelite, which is usually associated with crystalline rocks, is t('tra- 
gonal calcium tungstate, CaWO^, of density (J-OO and liardncss I to 
It is very widely distributed and usually, though not invariably, con- 
tains some molybdenum^ In Perak and Selangor lluors|)ar is usnally 
found with it. It usually occurs in tlie massive I'orni, generally of a 
yellow or pale brown colour, but sometimes reddish and [)ossessing a 
curious waxy lustre. 

Tungstite, or tungsten ochre, of which the colour \’aries I'rom bright 
yellow to a greenish shade, occurs with wollVainiic in CumlK-rlaud and 
m Cornwall. It is essentially anhydrotis tmigsten trioxide, WO,,, 
though hydrated forms have been found. 'I’hat described bv Caniot'- 
was said to correspond to the formula VV().,.'JU.,(), and was called 
meymacite, while more recently » a tungstite, ol'dcns'ity o-.l'.', apparently 
WOg.HgO, has been found in veins of gold (juartz in liritish Columbia.” 

Other minerals containing tniigst.cn are ra,r(‘ : of densit v 

b’OO, fiom Pohemia, Chili, and Massachusetts, is lelragonal lead Inng- 
state, PbWOi ; in the monoclinic form lead tungstate occurs as rnsnite; 
cMlagite, a mixture of lead tungstate and lead' moh bdatn, is found in 
Queensland;® cuproscheelite or cuprotungstile, (('a('ii)l\’(),. is oblaiiual 
from Chilian copper mines." Tungstenite, a. mineral analogous to 
molybdenite (see p. Ill ), occurs in Utah. It is esseni iaily the sidphide 
Wbg (about 61 per cent.) and resembles graphite in aiipearanee. It 
has density 7-4 and is soft enough to mark paper.’ 

History.— Until the middle of the tlghteeiith cen1ur\’ hot h scheelite 
and wnlframite were considered to be ores of tin ; llu-ir real identitv 
was first pointed out in 1781 by Schccle, who shmvcil lliat the miiuunl 
now bearing his name contained lime combined with a new acid, which 
he named tungstic acid.” The metallic nature of tin- ilement was 

hv n‘S(‘a.r<-hes w.uv uml,., taken 

y D Llhuy ait /Juan, Jose, .10 pri^pa, ration of metallic 

ungsten, its industrial application (especially wit h regard |,o eleit.rieal 
glow lamps), and the study of its compounds liavc sinci* been the sub- 
ject of numerous researches. 

' See Berzelius, Ami. O/tiw. P%«., 1821, 121 17 12 ■ ihiii mill nn „ i.in i> , 
berf, Fogg. 1849 77. 245'^ Lovisat.., A/n A. aL l liLl 1 1,)7. 

=* Walker, Amer. J. Sci., 1908, [ 4 ], 25 , 305 

I ^^^y>/°%Annalen, 1820, 8.518; Brown, Fhil. Mag., 1847, 131. u '>.vi 
Mecords of Geol. Surveij, M.S. W., 1910, 9 , 171 ' ' ' 

SeealsoTamm,0;(em.NeM«, 1873,26, 13; Bull Boc Mm 187-t I‘M ,, , 

Oonpt. rend., 1851, 32, 086 ; Graneil, loe. cit. ' ‘ 

Wells and Butler, J. Waakhigton Acad. Bci., 1917, 7, ,590 

'»«■ =■ 

® D’Elkuyart, J. das Mities, 1794, i. No. 4 20 

winch enters into its Composition^ London 1785 * ^ '‘^J *\tu Mtinl 
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Preparatioii. ““Sclieelr^^^^ is a preferable source of tuu<j;st(Mi, the nu‘l,a-l 
being more easily obtained from this than from other tungsten minca-iils. 

In order to obtain pure tungstic anhydride, \V().{, or salts of tlu^ 
rnetal, from which tungsten may l)e pr(‘])a,rc‘d l)y siutal)lt‘ inelhods 
of rc‘duct.ion, the mineral concentrates arc' eruslu'd and passed 
through a magiu'tic sevparator in order to removes tinstones and other 
impurities, a,nd tlicn oxidised by roasting in the air, ca,re bc'ing lakc'U 
that fusion does not occur ; addition of an alkali solution thc'ii lakes 
j)Ia(‘c', tlu^ tungstcai being dissolved as alkali tungstate, while a,ny iron 
and imuigmiese rc'main as insohdxle oxides. The nec'essary alkali may 
be added to the |)owdered mineral before roasting, ‘ or the miiu'ral may 
be decomposed by heating under ])ressure with caustic alkali or by 
tlie use of a.n alkali silicate. Wohler’s method consists in (Vising togi'thc'r 
wol(Va,nute with twice its weight of calcium chloride for one hour a.nd 
extracting the mett with water. A solution of tiu' chlorides of caleium, 
iron, and mangaiu'se is obtaiiuxl, while the insolufik' (*aleium tungstate, 
CaAVO.,, on lu'ating with coiicervtratecl hydrochloric a-cid, yields tungstic* 
anhydride. Sodium hydrogen sul|)hate may bc^ uscxl 1‘or ihc' dc'c'omposi- 
tion of wolframites ; ii mixture of soda and sodium nitralc','^ or of the 
carbonates of sodium and potassium,^ may also bc^ employedt^ Pure 
tungstic anhydride may thc'n lie olitained l)y solution in a.mmonia, and 
reprcx‘i|)ita.tion by acids, or by reduction, conversion into the* oxy- 
chloride', and Ireatment with acid.'^ 

Mcitallie^ lungsten may be obtained by a, numlx'r of met hods, inelud- 
ing jirocc'ssc's similar to tliose employed in the casc^ oi' (tiromium and 
inolybclcniim (see i)]). 1) and 113). 

i. Reduiiion of Tiin^Kllc Anhydride with Carbon or IlifdroonL - 
1 deduction by carlion takc's '|>lace at a red hcait ; ^ by emjiloymc'nt of 
the electrics furnace I\k)issau^‘ reduced 800 gra.ms of tha Irioxidc* with 
80 granis of charcoal, using a. current of 000 ain|)erc*s a/t 50 volts for 
ten minute's, and obtaining a product containing 0*13 per cent, of carbon. 
Well ra, mite*, though not reducible with zinc or magnesium, is reducH'd 
by carbon in the^ ele‘(t:ric furnace, ca,rl)ou beving (inally reanovc'd from 
the prodiK't l)y fusion with, tungstiei acid and e*a!<*ium lluoridc'.**’ 

|ai, 17, 475; «/. Pharntu Chim.y IB*I5, 37, 223; haiircai, Ann, (^hun, Ptn/n,, 
1847, [:p, 21, 5'!; 1838, [2], 67, 210; Annakn, 1838, 28, 02; IVnstJZ, .Oe/e. CVema Phi/n., 
1854, I'll I, 03 ; Mangiuu!, ihuL, 1853, [3], 69, 5 ; Lttoit, ihid., 1875, 15], 9, 03 ; 1878, 
15], 15, 321 ; 1870, 15|, 17, 470; VVohUtr, ibid,, 1825, [21, 2(9, 50; 1850, [3], 29, 187; 

Poifj. Annalrn, 1821, 2, 345 ; Annakn, 1850, 73, 100. 

* iluulingdou, (irnnati Patent, 32350 (1884). 

- in^uipcl, (knnan. Palvnt, 221052 (1007). 

‘‘ Braudcuhur^ and WV.ylaiid, (tennan Patent^ 140555 (1002); (llottiai, Und,^ 1418H 
( 1002 ). 

Pniuz, vmfd. (Jlirm,, 1871, |2|, 4 , 2.38 ; IlofnanmH, J:kr„ 1875, 9 , 745. 

l)(avnba(4i, Jahrvnbc.r,, 1803, p. 200. 

8('(^ ntso p. 202. A uHcful nummary of iiuthodH us<‘d for the dceMuupti.siliitii of 
tungstou ?niiiorats in jjjivou by Wtiber, Die, (deMrkchen MvUdlfadvntjlnhUmpvn ( hrip/.ig, 
1014), p. 100 cl nvtf, ; wees also Mienuiokes />/e MeMlluryin dvn Wolfranin (1011). 

’ KulT, Zeitneh, (tnycMK Ohcm>., 1012, 25 , 1880. 8 e^o p. 202. For dotaila of methodn 
acjo IVaniugton aud Smith, Zeikeh, anorg, Ohem,, 1895, 8, 108 ; Fitsiuger, Dcntscfic In-- 
duHlriczvitung, 1878, [). 245; EricHlhoim and Meyta, Zeiisch. anorg, Phevk, 1802, i, 75; 
ihu’uoulli, Pogg, Annalcn, 1825, 3 , 500. 

® S(‘(‘ t!,P. Patent, 045551 (1010) ; DavlH, ,/. hid, Eng, Phon,, 1010, xi, 201. 

^ Moi.sHau, (Jofn-pt rend., 1803, 106 , 1225; Biinilarly (from wolfraiuit.o) Siemeua ami 
Huntitigdon, Ann. Phim. Ptign,, 1883, [5|, 30 , 455; X)e4a<ai/, Pompt. rend,, 1805, X 23 , 
1288. 

WeiBH, IVIariin, and Stimautmayr, ZmUck amrg. 1910, 65 , 270. 
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Probably the best method available for the preparation of pure 
tungsten is the reduction in a porcelain tube of purified tungsten tri- 
oxide contained in nickel boats by means of pure dry electrolytic 
hydrogen (the desiccation being effected by phosphoric anhydride) at 
1100° to 1150° C.i 

2. Reduction of Tmigstic Anhydride with Metals. — Tungsten for the 
manufacture of metallic filament electric glow lamps was formerly 
obtained by a modification of Belepine’s process, consisting of reduction 
of the trioxide by heating with powdered zinc, and removal of the 
excess of zinc and zinc oxide by treatment with acids. ^ If Gold- 
schmidt’s alumino-thermic method of reduction is aiDplied, the reaction 
is very violent and an alloy containing 2-6 per cent, aluminium is 
obtained. The presence of this impurity is undesirable for filament 
manufacture. It is preferable to use a deficiency of aluminium and 
to treat the product with hydrochloric acid.^ Metallic calcium may 
also be used for reduction.^ 

3. Reduction of tungsten chloride, either by heating alone at 1()0()° 

to 1500° C. when the compound dissociates, leaving a residue of pure 
tungsten,® or by means of hydrogen ® or sodium.'^ The reduction of 
the chloride or rather oxychloride by means of carbon and hydrogen is 
applied to the manufacture of filaments for tungsten glow lamps (p. 185) 
in connection with which the details of the process are presently 
described. x ./ 

4. Electrolytic Methods. — The metal is obtained in the amorphous 
condition by the electrolysis of fused sodium tungstate,® and in globules 
containing 96 pei; cent, of tungsten when a solution of the trioxide in 

electrolysed.® A good deposit of very pure tungsten may 
be obtained by electrolysis of a solution of tungstic acid in a fused 
mixture of sodium and potassium chlorides if less than 1 part of the 
acid to 2 parts of fused chloride is present. A solution of the hexa- 
ciiloride in certain organic liquids, e.g. acetone, when submitted to 
electrolysis under suitable conditions, yields metallic tungsten. 


rnys., ihol, SO 5; Koscoe, Annalen, 1872, 162, 349: Chern. News 1873 2K • 
Bull. boc. fhim., 18'^, 17, 209. Several modifications of the original process have 

(1907) ; 2201^76 (1909) V 

B 65694 k1 nnd Soda-fabrik, D.M.-PatentanmddLkg, 1911, 

u. byW4, m. 40a ; Schwarzkopf, ibid., 1911, Sch. 39510, Kl. 21 f. ' 

3 rend., 1900, 131, 184; Hollefreund, German Patent, 221899 ( 19 C 6 ) 

3064 19n'’ ff qno '"Tfi ^5, 279; Stavenhagen, Bar., 1899 32, 1513 
metof 19lf V ib74f-Tn°^^^^ Voigtlander, B.K.-PaUntan- 

1898 1’ 494 . J So. f V Valentin, ZeitsoK EUktroohem., 

(1908).^’ ’ ^ ^ '7" 649; Ruhstrat, German Patent, 217781 

* Wedekind, 1909, Kl. 40, K. 42377 

I and Fielding, Trans. Chem. Soc., 1909, 95 , 1502 ’ 

‘ W ohler and Uslar, Annalen, 1855, 94 , 255. 

‘ Riche, Ann. Chim. Phys., 1857, [3], 50 5 

also Mope!;, IIH’ 11°’ i’ ft®-- 37. 174. See 

the eleotroU of Stavenhagen. Pen, ^ 99 , 32 , 3064, on 

11 t ^ J. Amer. Electrockem. Soc., 1924 46 51 ' 

1909, alo, Ki23f7 Wedekind, 

(1910); Fischer and oV^SrCp^ 

Bernhardi-Grisson, F/P/i Conor 'Noii o Rosenheim and 

and Eiohter, Zeitsek. EleUrockem., 1924, 3 ^^ 474 . ’ ®ootion X, p. 120 ; Neumann 
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5. Other methods, lor a detailed description of which tlie literature 
should be consulted, have been employed.^ 

Tungsten Filaments for electric glow lamps may be inadc by one 
of a number of dis tinct processes, viz. : 

1. Mechanical drawing of rods or wires of the pure metal. Finely 
divided tungsten, ])ressed into tlxe form of wire may be drawn slowly 
through an oriiiee surrounded by a small coil maintained at a tcanpera- 
ture of 2()()()'' to 2200'' C.^ If the rate at which, tlie wire tra-xads is 
properly regula/tcd, tlie tungsten forms a single homogeneous elongat(al 
crystal, the rate', of growth of whieli equals tlic forwa;rd movaauent of tlie 
wire. 'J'he mean dia, meter of the |)artieles is about 10"""' cm., and X-ray 
examination shows the crystalline form to be cubic.** 

2. Gom])ression ol‘ a paste of tungsten powder witli a suitable organic 
compound, carlxonisation of the crude lilarnent, and linally sintering 
and sliaping the product. Tliis is jirobably the cliief metriod now in 
application. 

3. Compression of colloidal tungsten without the; use ol’ a binding 
inateriai.'* The requisite colloidal solution is obtained by making a.n 
electric arc between tungsten electrodes under watc‘r,^» l)y luxating the 
powdered clement alternately in acids and alkalii^s,<* or 1:)y‘the reduevtion 
of pure tungsten trioxidc by means of potassium cyanide, this method 
being dependent upon the formation of an oxynitride.'^ 

4. By a method of substitution or exchange, consisting of tlic intro- 
duction of a glowing metal- or carbon -lUament into an atmosi)hcre 
of tungsten oxychloride vapour and excess of hydrogen. Metallic 
tungsten is deposited upon the filament wliich thus consists of a 
core of earbon (or metal) enclosed in a tulie of tungstcui.^ Acicording 
to tlie conditions, the carbon may lie partially or <‘ompl(‘tcly repla.c(;d 
by the tungsten, and liomogeneous filaments arc^ readily Olrtamcd. '.riic 
reactions which take place may be symbolised as I'ollows : - 

(i) a. WO./:!l2d--2C--h^ l-VV, 

h. W(:)ci,t ■ i ■(,:!() ■| av. 

(ii) a, =^^2lICl |-2l,I.<)q-»W, 

b, WOCI4 +ML :=tnci I ii/)y-w. 

A number of other methods and improveunents upon the above liave 

> Wc'HtiughouHo ,M(‘ta] Filaniont .Lamp Co., (iv.r)mm Palrnl, lOOlO? (UMXi); 
,B()^j;enla,nip(‘ufal)riU, arrm.au, PatrrU, 228280 (1908); VV(>lfrainlanip(Mi Akt.-(;(‘H., (trrm.aa. 
Patrni., 229877 (1910); Scliilling, (Jcrimin P^atent, 249214 (1908); Rlcctrio KunuMuss and 
vSiucIUtk, ,Li(,l., Crrmun PatvM, 247992 (1911); Johason, (krnmn. I^alrni, 24(il82 (1910). 
Some a(!t!<)uni <)£ ilu'se and tho foregoing methodH is to Ix^ found in \V(d)cu% />/>, vlvktrim'knh 
MetallJiidrnfjlilhUiviprn,^ Jjeij)zig, 1914. Wolilor’H me-tkod (jonsiHts in luxating tln^ eom- 
pound VVuNoiC (Hee p. 249). 

^ GroHH, Jafirb. liadioaktir. Ekklronik,^ 1918, 15 , 270, 

» Debyis PhynikaL Zrikeh., 1917, 18 , 482. 

^ KuS^.el, (hirman Patrnt, 19424B (1905). 

8 (*,(i Billitz<‘r, Zvitsrh, auyew. Ohmri., 1898, 1 1 , 951. 

” Schulz, J, prakt. Chan,, 1885, 32 , 299. 

’ J. Amrr, Chmi. kioc„ 1897, 19 , 229; Ku^cl, German Patent, 199902 (1907). For 
further infonnation seci duliuH J,dnt.soh Akt.-Ges., German Pale.nk, 205581, 20091 1 (1905) ; 
210785 (1900); Taez, German Patmits, 245190 (1909); 249722 (1910); Ku?a 4 . German 
Patent, 208599 (1908); Blanchon, (hrmnn Patents , 220981, 220982 (1908); iShunfni.M and 
Jlalskc, (terman Patents, 194408 (1906); 201462(1907); 200929 (1907). 

» Just a,nd llananian, German 154262 (1902); hJlerlroc.han, and iVelall, Ind,, 

1909,7,24 ; VVolfrainlampen Akt.Ahn,, Gmmn Patents, 184279 (1905); 185906(19()6n 
182766 (1904); 192221 (1906). v » 
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been worked out. Reference to the patent literature upon the subject 
is made below. ^ 

The use of tungsten for glow lamp filaments depends on its high 
melting-point and comparative non-volatility at high temperatures. 
The tungsten powder used in the above preparations is usually obtained 
by reduction of tungsten trioxide to which has been added a little 
thorium nitrate, so that the filament generally contains thorium oxide 
to the extent of from 0-7 to 1-0 per cent. In the absence of thoria, 
rapid crystal growth occurs on burning the filament, which generally 
has a fibrous structure, and the crystal boundaries extending across 
the filament cause weakness and liability to fracture. The presence of 
thoria, which segregates at the boundaries between the crystal grains, 
greatly reduces the tendency to crystal growth and so increases the 
durability of the filament. It has been shown that during the burning 
reduction of the oxide to thorium takes place.^ If the filament consists 
of a single elongated crystal, as when prepared by the first process 
described above, the possibility of such cr 3 ^stal growth is eliminated.'* 
In the ordinary evacuated tungsten lamp a temperature of about 
2130° C. is obtained with safety, but if a higher temperature is reached, 
the tungsten begins to volatilise and condenses as a black deposit on 
the glass, which greatly reduces the efficiency of the lamp. It has been 
found that the dimming effect of this deposit may be overcome by coat- 
ing the filament, previous to burning, with a layer of certain salts ; ^ 
for example, sodium chloride, sodium phosphate, potassium cyanide, 
or calciuin fluoride. On passing the current the salt sublimes and 
condenses in a non-crystalline condition on the wall of the lamp, the 
tungsten sublimate is decolorised and its power of light absorption 
diminished. The effect does not appear to be due to any chemical 
action, but to the formation of solid solutions of tungsten in salt which 
have a considerably lower light absorption than the coherent metal films. ^ 
The volatilisation of the tungsten may also be greatly reduced by filling 
the lamp with an inert gas such as nitrogen or argon ® under diminished 
pressure, usually about half an atmosphere. Higher temperatures may 
safely be reached with such lamps, and powerful illumination is obtained 
by this means. 

Physical Properties. — Metallic tungsten, according to its method 


Metal Filament Lam|) Co., Ltd., D.B.-Pate^itanmelduncj, 1908, Kl. 21 f 
vy. 2/9/2; WolframlampenAkt.-Ges., German Pateiits, 185585 (1905): 231492 (1906) • Hein- 
rich, German Patent, 214493 (1909); Lux, German Patents, 188509, 216903 200938 2103‘^5 
193920, 212962 (1905); 194894, 212104 (1906); British Thomson Briml 

907im’nln7? W' Goossens, Pope* Co., OermakPatmt, 

^07163 (1907); Siemens and Halske Akt.-Ges., German Patent, 201283 (1906)- Kits6e 

fn^r ’ Miiller, ffelios, Zeitsch. fur EleUrot&ch., 1913,’ 19, No! 

tn ’inf ’y. L ElMnoien, 1912, No. 1123, 6. A summary of the processes referred 

to will be found m \^eber. Die ekktnschen MetaUfadengluhlampen, Leipzig, 1914 which 
contains a useful summary of the industry and of the metallurgy of tungsten ’ 

ooJ. (1922); SmitheUs, Trana. Ohenl Soi, 1922, 121 

223b ; Trans. Earaday Soc., 1922, 17, 485 ; J. Inst. Metals, 1922 27 107 

c. i properties of such filaments see van Arkel, Physica, 1923, 3, 76 ; Research 

Staff of General Electric Co., Ltd., Phil. Mag., 1924, [6], 48 800 

21 W^ten.soh. Amsterdam, 1919, 

’ey ■ • , T® (Ghurohill, 1921), p 18 

Langmuir and Langmuir and Orange, Met. Chem. Eng., 1913, ii, 613 See also 
Langmuir, J. Amer. Ghem, Soc., 1915, 37, 1139. ^ ^ 

’ Por a description of a special type of tungsten lamp which can be used for microsconic 
work and polanmetry, see M'Dermott, J. Amer. Chem. Soc., 1914, 36, 454. “''’‘■‘■opio 
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of preparation, is silver white, resembling highly polished ])latiniiin, or 
is crystalline in structure, or is a grey powder.^ When hea,ted in air, 
coloured films are formed as in the case of steel/*^ It has a luu‘diu‘ss of 
6*5 to 7*5 and a density at 20° C. of 18-72.'^ It melts at 82()7°: 1 :80'’ 
and boils at about 5()00° Abs/*^ Its heat of evaporation is very Jiigh, 
being about 2 18()0()“~- 1-8 T gram calories per gram atom. Tlie vapour 
pressure of tungsten at its melting-point is ()-()8() mm.‘‘ Moissa.n 
found tliat tungsten, like molybdenum and uranium, was very reira.(> 
tory, but might be distilled in tlic electric furnace. Its s|)eciOc heat a.t 
ordinary temperatures is ()*()858.^ At higli temperatures the a/toinic^ 
heat is almost lineal between 1200° C. and 2400° C., the values at tlu*se 
temperatures being respectively ()-25 and 7-35 calories per gram atom 
degree.'^ The ccx^HieiiMvts of linear expansion increase regularly witli 
temperature; from — lOO ’ C. to 0“ C. the average eoellicient is 4-2X l()’"‘^ 
per degree centigrade, whilst from 0° C. to 5()0° C. the avc‘ragc^ v'aJuc, 
is 4-0 X 10“‘* |)er degree centigrade. Tlic compressilnlity of tungsten, 
which at 20° C. is * ^ 0-28 x 10 per megabar, is thc^ smallest of any hitlu'rto 
studied. Tungsten is non-magnetic.^- Its magnetic.suscc‘])l:il)ility bct^vcc^n 
18° and 1100° C. is H 0-33.’'^ Measurements of its ek^etrieaJ. resista,n,cci a,t 
1000° to 2000° C. liavc been madc.^'^ The emission oC electrons from 
heated tungsten lias been observed,'^' and also, though only at tempera- 
tures above 2500° C., of slow-moving positive ions.‘‘* liy charging a, 
condenser to 3(),00() to <1<0,000 volts and rapidly discliarging it through 
a short tungsten Avire of 0-035 mm. diameter in a vacuum,^’ tungstem 

^ Wartcuberg, Bar., 11)07, 40, 3287 ; Rull, ZeiMi. angew. Olumh., 11)12, 25, 1881) ; 
Hallupcaii, Uonvpt. rend., 181)8, 127, 755; Fcrco, Bull. Boc. ckim., 181)8, [3J, 19, 123, dcHcribos 
tlio pyrophoric forni. - VVeiHS, Zcitsch. anorg. Ohenk, J DK), 65, 271). 

‘‘ Wthsa, he. cit. Wartonberg, Bei\, 11)07, 40, 3289, HtatoH inaHHivo tungHtoii ban a 
densit-y of 17*0 -18*3, Uiid tlie poAvdor 11)*0 •"ll)-2. Of. llof. 10 bolow^. 800 alHO l?oiiauigto.a 
and 8mifch, Zdtsch. anorg, Chem., 1895, 8, 198; MoiHHan, (Jomgd. rend, 1890, 123, 13 ; 
Hallopeau, loc. cU. Dtdta'miaations also by Allen and Aiken, lluohliolz, D'Ellmyarti, 
Bernoulli, Zettnow, B/ohcoo, Unlar, Rielie, Delepino. 

^ Langmuir, C/inn. Zentr., IDIG, i., 205 ; Bhgfi. Beoietv, 1915, 6, 138 ; -/. Franklin 
Inst, 1915, 180, -IDO. Cf. Wortlving, Zeikeh. Phtj.nk, 1924, 22, 9. Sec^ jiIho J. Anirr, Okem. 
iS'oc., 1913, 35, 931. idrani and Meyer, Ber. Beut. phijrikal. (Jer., 11)12, 14, 420, giv(sH 
3100°d:d0® Cl Wartemberg, he. ciL, givew 2800*^^-2850'^ (J. See also H/ui! and Ooedio., 
Zeitseh, migeiv. (Jhem,., 1911, 24, 1459, The Bureau of StandardH, Circular No. 7, 1910, 
gives the value 3000 '■* 0. 

® Calculated value due to Langmuir, J. /I men Ohem. Boc., 1913, 35, 931. ll’lio vahie 
3700® C. is given by Link, Trann. Amer. Blectrocheni. Boc., 1912, 22, 499. 

^ Langmuir, loc. cU. ’ Moissan, Comjd rend, 1900, 142, 425. 

® Weiss, loc. cit. At 800^-1500® (j. Corbino, Atti li, Accad Lined, 1912, 15}, 21, i., 
188, 346, found the value 0*0424. Compare Worthing, Bull. Ncla Bv,h. Lab., li)32, i, 349. 
Regnault (Arm. Chim. Bhyn., 1840, [2j, 73, 48; 1861, 13J, 63, 23; Bull. Bov. ckim., 
1862, 4, 83) found the value 0*03342. 8ee also C)!rodHpe(ui a,ud Smith, Zdkcli. anorg. 
Ghem., 1895, 8, 207 ; Bcfacqz and Guichard, Okini. Phys., 1901, (7 ), 24, 139 ; Nord- 
meyer and Bernoulli, Verh. IJetU. Phya. Qcs., 1907, 9, 125. 

** Worthing, J. Franklin Inat., 1918, 185, 707. 

Hidnert anti Sweeney, Thermal Flxpmiaion of Tungatvn, Stucmtiliti Paptu* of t.luj 
Bureau of Standards, No, 515, 1925. The metal used contained 99*98 juu- <!eut. tungsten, 
and had a density of 10*211. The paper contains a useful summary of expausiou data, 
by previous observers. Richards and Bartlett, ./. Amur. (Jhnn. Boc., 1915, 37, 470. 

“ Weiss, loc. cit. Honda, Ann. Pkyaik, IJUO, ffb 32, 1027. 

Pirani, Phyaikal. Zdtach., 1912, 13, 753. 

Richardson, Phil. Mag., 1913, [6], 26, 345 ; Phyaikal Zdtach., 1913, 14, 793 ; fjimg- 
muir, ibid, 1914, 15, 510 ; Bushman, Rowe, and Kidner, Phya. Review, 1923, 21, 207. 

Jenkins, Phil Mag., 1924, 1.6J, 47, 1025, 

Wendt and Irion, J. Amer. Ohem. Boc,, 1922, 44, 1887. tSec also Anderson, 
physical Journal, 1920, 51, 37., 
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wire is completely dissipated, no solid residue or smoke remaining. 
Momentary temperatures of about 20,000° C. are obtained in this way, 
and it was at first thought that some of the tungsten atoms might be 
disintegrated in this manner, evolving helium nuclei. Apparently, 
however, even this violent disturbance is unable to disrupt the atomic 
system of the element.^ 

The electrical potential of tungsten in solutions of different acids, 
bases, and salts has been measured ^ against certain standard electrodes 
at 25° C. The tungsten does not behave as an insoluble electrode, but 
sends ions into the solutions. Under certain specified conditions^ — for 
example, with high- current densities (2 amperes per square decimetre ) in 
aqueous alkalis, but with low-current densities in aqueous solutions of 
acids and salts — the tungsten anode becomes passive. The passivity 
appears to be due to adherent films of hydrated oxides. The electro- 
chemical equivalent of tungsten has been found to be 0-3178 mg. per 
coulomb, 2 which is in close agreement with the theoretical value. 

Spectrum. -Leonard (loe, examined the spark spectrum of 
solutions of sodium tungstate, finding the most persistent lines in the 
more refrangible part of the spectrum, the results being as follows : — 


Wave-length. 
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2679-8 
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2656-6 

2653-6 

2647-8 
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2620-2 

2615-5 

2608-5 

2603-1 
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2572-3 
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2551-5 

2531-1 
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1 X 
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4 i{s 
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ana otepnenson, Trans. Ghem. JSoc , 1925 127 24.0 Pf 
Pro. Nat. Aoai. Science, 1924 , 4 ; Har^ and Allison.':/. 

Phil °k P® 

and Haschek, /S'iteM}i5r,s5e)-. K. Ahad. Wise. Wien, 1895 104 • 1896 loe so?’ 

If m: 

‘ See p. 14 for a general description of the method and for list of abbreviations used. 
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Exner and Hascliek {loc, cit) record the followiii,i? liiu's as h(‘ini>f 
the most inteii,s‘e ^ 


Arc. Spo(d.ruin. 

8park Hpectruni. 

Arc 8p(‘(d-i‘uiu. 

Spark Sp(' 

‘ti-uin. 

\Va.V(‘,- 

In- 

Wave- 

In- 

Wave- 

In- 

\Vav(^" 

In- 

bnigth. 

Usisity. 

length. 

tensity. 

length. 

Umsiliy. 

l(‘ngl-li. 

tiMisity. 

4()()8*9l 

10 * 

2397-18 

10 

5221-85 

20 

.lOOS-93 

10 

4201.-77 

10 * 

2702-22 

10 

5492*51 

15 

1291*81 

10 

4l<8t-;i7 

10 

3077-01 

10 

5514-88 

20 * 

5000-33 

10 

4St;M)9 

10 * 

3370-30 

10 

5048-57 

10 

5053-50 

15 

5()()()-32 

10 

3572-05 

10 

5735*31 

15 * 

5071-91 

10 

50 15-49 

10 * 

3502-50 

10 

58()5*09 

10 

5221-89 

20 

5()5;h48 

15 * 

3013-98 

10 



5192-57 

15 



3041-57 

10 



55M-91 

1>() 



3730-39 

10 



5()18-01 

10 


In tlie arc spectruin of tungsten the wave-kmgths of 47S lines iq) 
to 9159 A have l)ecn nn^asrired by Kiess and Meggers.^ 

Cliemicixl Properties. — Timgstcvii is not oxidistHl ai)|)reciably in 

air l)el()w r(‘d heat, nor is it at any known ttsnjxn'atnrcq nnless in tlie 
va])()rons stat(.‘, attacked l)y nitrogen.'* llaJidc's art' i’ortnt'd directly, 
the llnoridc^ at ordinary temperatures, the iodidt^ at a. l)right red luait, 
and the othc'rs intermediately. On heating in tlie (‘lta*i.ri(‘ rurnacH' with, 
(*a;rbon, boron, or silicon, combiiiation ta,kes |)hice.'* Nt'illit'r stil})hnr 
nor ])hosphorus lias any action n|)on the nuital. At: a red luait it 
deex)m])osc\s water ; it is not atta(*.k(^d by a, solution of caust ic |)otasli, 
l)ut by iiised alkalis it is dissolved/* thougit niort'. rapidly l)y a bist'd 
mixture of ])ota,ssium carbonate and nitrate.'*’ ()xi(la;t/i<)n iittc'inhvl l)y 
incandcs(*(;nc(^ takers place on luaiting tlie jiowdm'ed nu'lal with cc'iiiain 
oxidising agc'ivts sueli as lead dioxide and |)otassium chlorate'. 

Tungstc'n, like niolylidenvun, is very resistant to tlu^ aid.ion of acids ; 
tliis is larg(*ly due to the roririatiim of a- jirotec'tivii coating of oxide'. 
Neither aipni rc'gia, nor hydrolliiorie ac.id dissolve's the nu'tai to any 
a;p'|)r(ada,blc^ cvxtcmt : the best solvent for the fust'd nu'tal is a mixture 
()1‘ ('omtc'ntrated nitric and hyclrolluoric acads.** 

Atomic Weight. Take chromium and molybdenum, t.ungstt'n may 

in its (‘ompounds be di-, tri-, or hexa-valent ; IVom a. consideration <lr 
its sjiecilic heat, tlu^ isomorphism of its ccimpounds, its jiosition in tlie 

‘ p. I a for (ex planation of abbroviationH. 

^ Ki('..sH iinU M(‘gg(n‘H, Bureau BiamUmU Bulletin^ 1920, i6 , 51. So<j iUho lic'llvc, Zrilsch, 
wifts. Photorhem., 1917, 17, i:i2, 145. Thc^ X^ray Hptsctruiu of tungHlcni IinH boon inv<'i;U« 
gat(‘(l by Barn(‘H, Phil Mau,^ 1915, [b], 30, 30H'; L(Hl(,»ux»L(4)anl mid Da-n villi(-r, (hmi.pt, 
rend,, 1917, 164, 087; Sic^gbahn, Phil May., 1919, [(>1, 38, (ilb). (\f\ (l(^ Uro^-Jio, (hnnpt. 
rend., 1919, 169, 902 ; 1920, 170, 1050 ; Duano and Hhinnzn, /7<//.s’. Perinr, 1919, 13, .‘iou ; 
Uuano a;nd ibntorHiin, ibid,, 1920, l6, 526; Proc. Nat Arad, Bri, 1920, 6, 509; J)uani‘ and 
SUniHtrom, ihld,, 1920, 6, 477 ; Smokal, ZrUmdi. Phydic, 1921. 5. 91 ; DaiivdlliiM-. (hmipl 
rend,, 1921, 173, (M7 ; Crofutt, Proc, Iowa Amd. BcL, 1921, 28, 117 ; P/iya, Brrirw, 1921, 
24, 9 ; YoMhida a,nd Ta,naka, Mem. Colt Bet Kyoto, 1922, 5, 173; 1 logons, I*roc. tUunh. 
Phil Boc., 192:1, 21, 4:10 ; Cork, Phyn. Eevieto, 1923, |2], 21, :i2(). 

** Eutr, Zeitneh. amjew. Chem., 1912, 25, 1880 ; Laiignudr, ./, Awrr. (Jhem, Par., 1913, 
35, 105, 931 ; Niovoris and Bin’gnor, Ber,, 1911, 44, 2394. 

^ MoiHHan, Ann. Chini. Pfiys., 1896, [7], 8, 570; (JompL rend., 189.3, 116, 1225; 1890, 
123, 13. ^ Heo Wolihr and Pragin', ZrUnrh. PAvklrochrm,, 1917, 23, 199. 

« Rader, ./. Jwer. C'Aew. Boc., 1912, 34, 387. 

’ Moisaan, he, cit ® Ruder, ho, cit; Woihs, Zeikoh. anory. (dirni,, 1910, 65, 279, 
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periodic classification, the molecular weights of a number of its com- 
pounds and other data (see Vol. I., p. 233), its atomic weight is known 
to be six times its equivalent in tungstic anhydride, or three times its 
equivalent in the tungstic salts. 

The determinations of the atomic weight of tungsten which luive 
been published are appended : ^ 


Date. 

Investigator. 

Ratio Measured. 

1826 

Berzelius 

WOglW 

1836 

Malaguti 

WO 3 : W.O. 

1850 

Schneider . 

WO 3 : W 

1851 

Marchand . 

WO 3 : W 

1851 

von Borch . 

WO., : W 

1857 

Riche 

wo; : W 

1860 

Dumas 

WO 3 : W 

1860 

Bernoulli 

WO 3 : W 

1861 

Scheibler 

Ba0.4W0.,.9H.,0 : 9H.,0 

1864 

Persoz 

Wb.j : W 

1867 

Zettnow 

(NH4)2Fe(S04)2.eih0 : FeW 04 ) 
AgoW04 : 2AgCl ( 

1872 

Roscoe 

WO 3 : w 

WCIe : WO., 

1888 

Meyer and Seubert 


1886 

Waddell 

WOV: W 

1891 

Ostwald 


1891 

Clarke 


1894 

Smith and Desi . 

WO.) : 3IL,0 

1895 

Pennington and 

W': wo; 


Smith. 

1896 

Schneider . 

W : WO 3 

1896 

Shinn 

W : WO,i ■ 

1897 

Hardin 

WO 3 : W ] 

1899 

Thomas 

Na2W04.2H.0 : 2IT„0 1 

1901 

Taylor 

WOq : CO, 1 

1904 

Smith and Exner 

W : WO 3 1 

WCle ; WO 3 ] 

Tn 1 


WO 3 : CO. 1 


I{<'.sulli. 


1S0-32I< 
too liio'h 
18-I.-I08 
184-1 It 
188-800 
:no value 
184-()10 
1 85-918 
184-0 
184-O.tl 

188-() 

1 88-182 
184ul() 
188-0 
184-882 
18*1-0 
1 88-5 


-10 


1867, 130, 30; Eoscoe, Annalen, 1872, 162 368* 

der ijlemente (Leipzig 1883 ^* Phnvmnroniho^i ’ -o Stubert, Alofne/c.iric/ite 

T8Ql'i* Warir^aii A ° ) ^narmaceutzsclie Rundschau von Hoffmann ^'NTrvtir v 1 

ijyi.;; VVaddell, men O/iem. J., 1886 8 280 - Oq+wnid TnT.^h.. i > ork, 

■Him 


(UnL/sityof^ennsy?;ank 190n- Sm^T’d E^'^" 4®^’ 'rfe 

1.3; ■/■ Aler. OneA::%lTk #> 4^ 

^ See Moissan, Traiti de Ohimic TOOK ^ ni i 

Atomic Weights.” Afisc.’ OoZZ.%rd ed^ 19m^^®369 *'*" 

recalculated on the basis of the fundamental atomic wefghte.^see p.^l\! 
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As regards the values for the atomic weight of tuugsteii olil-aiaed ])y 
determination of the ratio W : WO.j, that obtained })y Smh h and 
{loc. cit) is by far the most trustwoithy. Clarke ‘ (inds that, lluar valiui 
is almost identical with his weighted mean of twelve other r(‘a.sonabiy 
reliable determinations based upon the same metliod, excluding tha,t 
of Pennington and Smith (loc, cit). The mean atomic* wc'ight d(‘duc(*d 
from the nine different ratios that have been measui\‘d tJuis yic'lds a. 
value of 184-575ib*0()2(>, but Clarke (loc, cit.) eonsidca-s that tlic* most 
reliable value is the mean of Smitli and Exner's delc*rmina,tions of tluj 
ratios WOjjrW and WCl^ : WO^, i.e, W = LS.t-()92. f -OO tO, a. con- 
clusion which is supported by the fact that this (combination of the two 
ratios of Smith and Exncr gives a good value (85'15 1 ) for the atomicc 
weight of chlorine. The International Coiiimittce ibr 1925 givci tlic 
value W = 1S4*(). 

Uses.— In addition to its employment for lain]) (ilarnents, tungstevu 
is now used instead of platinum for much elcetrical worlc. Its harclness, 
good heat conductivity, and high meltiug-])oiut r(*ndcrs its suitable 
for contacts or arcing points sulijeet to great tcanjieraturc^ (change's, 
and for wiring electric tube fiirnaces.- The addition of tlu* nuctal to 
steels gives increased hardness and tensile strength, so that tungstc'ii 
steels arc much used for tlie niarnifaeture of high-sjX'c'd tools. On 
account of its low volatility tlie metal is also used (or the* targets of 
X-ray tubes. 

Alloys . — Tungsten enters into the com])osi tion ol* many useful 
alloys. Aluminium and tungsten readily unite. Scvveral alloys, the 
percentage compositions of which correspond to the ])ossibl(* formulae 
AI 7 W, AI 5 W, AbiVV, AhjW, and AlWg, have lieccn deserilx'd. 'ilu* alloy 
corresponding to the forimda Al^W forms large, tliin, monoelinic* (*ryst,afs 
and is readily attacked by aqxia regia, whccrea,s lluit corres])()ndmg to 
the formula AI 7 W forms hexagonal crystals which aia* insolubhc in jujua 
regia and only sparingly attacked l)y a fused mixture* of alkali car- 
bonate and nitrate.'^ 

The preparation of alloys witli chmmmm in all ]>roportions lias be(*n 
described,^ together with that of alloys with cliromiuni and iron a, ml 
with chromium, copper, and ironJ An alloy r(*s(*ml)ling slellilr*, but 
containing 20 per cent, timgsten, 15 ])er <*ent. (•hromium, and (>5 ]>(*r e<‘nt. 
cobalt, is very hard and is used ibr cutting tools and Ibr surgi(*al 
instruments, since it is unaffected by organiec acids or ordimuy 
antiseptics. A simihir alloy, also used for the hil.t(‘r pnrpos<*, is knowii 
as mnaloy and contains tungsten, chromium, a, ml nieke*!. (Vrtain alloys 
with e()])])cr and nickel are highly resistant to cone(*nl,ralnd mim'ral 
acids a, ml are used as substitute's for platinum. 

1910 ^ WeightHf^ J|r|l (‘< 1 , 

“ (Join])t()n (,/. Optical Amcr., 1922, 6, 910) (Jworijxss a f urnn,(M‘ ('.onMiMUnL^ of a< 
of sluut wouacl witli tungHton wire. 

Ca,iopbcll and Matliowa, J. Amur. Ghmi. Soc,, 1902, 24, 259 ; (Oulha., (tompl, rvml 
1901,132, 1112; Q&nie civil, pm; MuA\A. DimcHalion., (UUiiw^n, ISIK)' 

Moi8mn,Co7npl rend., 1890, 122, 1902 ; JhiU. t^oc. cMni., 1890, [91, 15, 1282 ; (i/ihn, 
Phys., 1890, [8], 9, 997; Wolilor and Mioliel, AnMulm, 18(K), 11^. 'l()2 ; W'c'i.-iH, Zci(,sch 
anorg. Cheni., 1910, 65, 279 ; seo also p. 184, tliis volnmc^ 

^ Sargent, J.d wen C'Aew. /S'oe., 1900, 22, 789 ; Bja;ynoH,J. Ind. Pfig. (Jhmk, 1919,3 189 

Barrett, Brown, and Hadfield, J. Inst. Elect. Eng., 1902, 31 , 074. 

« Haynes, Eng. and Min. J., 1918, 105 , 997. 

7 See Engineering, 1917, 104, 128 ; also Irmann, Metall. %nd Erz, 1917, 14 , 21 , 97 
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An alloy of tungsten with gold has been described,^ as also have 
alloys of tungsten with copper and with lead.^ 

Tungsten and antimony are stated to unite, but tungsten and 
bismuth probably do not alloy. ^ 

Alloys of tungsten with other elements are deseribed in other volumes 
in this series.'^ 

^ Bernoulli, Pogg. Annalent 1860, iii, 573. 

^ Bernoulli, he. cit. ; Sargent, J. Amer. Chem. Soc., 1900, 22, 783 ; Inouye, Mem. 
Coll. Sci. Kyoto, 1920, 4, 43. 

2 Bernoulli, loc. cit. ; Sargent, loc. cit. 

^ The references’ to the literature are as follows : “ W — Fe,” Barrett, Proc. Boy. 80c., 
1902, 69, 480 ; Barrett, Brown, and Hadfield, loc. cit. ; Behrens and Lingen, Verh. K. Ahad. 
Wetensch. Amsterdam, 1893-94, 2, 151 ; Benneville, J. Amer. Chem. Soc., 1894, 16, 735 ; 
Bernoulli, loc. cit. ; Carnot and Goutal, Compt. rend., 1897, 125, 148, 213 ; 1899, 
128, 207 ; Ann. des Mines, 1900, [9], 18, 263 ; Contributions d V etude des alliages, 
Paris, 1901, p. 493; Curie, ibid., p. 157; Garrison, J. Frank. Inst., 1891, 131, 434; 
1891, 132, 54, 111; Mon. scient., 1892, [4], 6, 43, 274; Guillet, Compt. rend., 
1904, 139, 519; Harkort, Metallurgie, 1907, 4, 617, 639, 673; Koort, Dingl. poly. J., 

1888, 270, 166, 211 ; Le Chatelier, Contributions d Vetude des Alliages, Paris, 1901, p. 413; 
Mathews, Elec. World and Engineer, 1902, 40, 531 ; Merle, Mon. scient, 1895, [4], 9, 35 ; 
Norton, J. Amer. Chem. Soc., 1897, 19, 110; Osmond, Compt. rend., 1887, 104, 985; 
1890, no, 242, 346; Poleck and Griitzner, Ber., 1893, 26, 35; Schneider, Oesterr. Zeitsch. 
Berg.- und Hilttenwesen, 1885, 33, 257 ; Wahl, J. Frank. Inst, 1892, 134, 470 ; Plonda 
and Murakami, 8ci. Bep. Toh6ku Imp. tlniv., 1918, 6, 235 ; Daeves, Zeitsch. anorg. Chem., 
1921, 1 18, 67 ; “ W — Fe — Mn,” Barrett, Brown, and Hadfield, loc. cit ; “ W — ^Fe — Ti,” 
Hamilton and Smith, J. Amer. Chem. 80c., 1901, 23, 151 ; “ W — Ni,” Bernoulli, loc. cit; 
Sargent, he. cit ; Trowbridge and Sheldon, Amer. J. 8ci., 1889, [3], 38, 462 ; Chem. News, 

1889, 60, 312 ; Irmann, Metall. und Erz, 1915, 12, 358 ; Vogel, Zeitsch. anorg. Chem., 
1921, 116, 231; “W— Ni— Cu,” Roberts-Austen, Proc. Boy. Inst, 1893-95, 14, 497; 
Irmann, Metall. und Erz, 1917, 14, 21, 37; Chem. Zentr., 1917, i., 1069; 
“ W — Ni — Cu — Zn,” Dewar and Fleming, Phil. Mag., 1893, [5], 36, 271 ; 1895, 40, 95 ; 
Fleming, Proc. Boy. Inst, 1896, 20, 885 ; Irmann, loc. cit ; “ W — Co,” Haynes, J. Ind. 
Eng. Chem., 1913, 5, 189 ; Kreitz, Metall. und Erz, 1922, 19, 137 ; “ W — Mn,” Arrivant, 
Compt rend., 1906, 143, 594 ; “ W — ^Mo,” Geiss and van Liempt, Zeitsch. anorg. Chem., 
1923, 128, 355. 



CHAPTER VII. 

COMPOUNDS OF TUNGSTEN. 

General Properties of Tungsten Compounds. 

In its compounds tungsten resembles molybdenum very closely. 
Like all the metals of the Group, it exhibits valency varying from 2 to 
and its most stable derivatives are those containing hexavalent tungsten. 
Halogen compounds containing the element in ail the various stages of 
oxidation are known, but in the oxygen derivatives the tungsten is 
found almost exclusively in the tetra- or hexa-valent condition. The 
dioxide WO 2 is basic and gives with acids the corresponding series of 
salts, which, however, are unstable and readily undergo oxidation. 
With alkalies the dioxide liberates hydrogen and forms tungstates. 
The trioxidc WO 3 is an amphoteric oxide, but its acidic properties 
predominate. Its Ivydrate WO 3 .II 2 O or H^WO^ is known as tungstic 
acid, and gives rise not only to a very stable series of normal tungstates, 
but also to several other series of salts which contain the ratio : WO 3 
in varying proportions (see p. 208). The metatungstates, of composi- 
tion R'gW^Ojjj, are known to be derived from a definite metatungstic 
acid, H 2 W 4 O 13 (see p. 238). 

Compounds intermediate between the di- and tri-oxides, and obtained 
from tlie latter l)y reduction, are known, and jirobably contain lioth 
tetra- and, hexa-vaicnt tungsten. These derivatives are generally l)lue 
in colour, and the existence of a definite blue oxide, oi: composition 
W 2 O 5 , appears to be established (see p. 199). Many of the l)lue reduc- 
tion products a])])ear to be mixtures of compounds in various stages 
of oxidation. 

A remarkable series of reduction products is olitained from the 
tungstates of the alkali and alkaline earth metals. Tliese liave the 
empirical formula R‘ 20 .(W 03 );k-W 02 , and are known as tungsten bronzc's, 
since they are vividly coloured and usually possess a bronze-like su])c‘rfi(*ia,l 
lustre (see p. 24f8). 

More highly oxidised compounds corresponding to the persul,phates 
and containing peroxidic oxygen are obtained by the action of hydrogen 
peroxide on tungstic acid and the timgsta.tes (see p. 242). 

Only two sulphides of tungsten, WS 2 and WS 3 , are known, but these 
dissolve in alkali solutions with formation of a series of soluble thio- 
salts (see p. 24T). 

Tungsten trioxide, like molybdenum trioxide, possesses in marked 
degree the property of combining with other acidic oxides, such as 
phosphorus pentoxide, arsenic pentoxide, silica, and boron trioxide, in 
varying proportions, producing heteropolyaeids winch contain the 

VOL. VII. : III. 193 13 
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tungsten in a complex anion, and which yield well-defined crystalline 
salts with basic oxides (see pp. 251-258, 264-268). 

Uses. — Tungstic oxide and certain tungstates are used for imparting 
a yellow colour to glass and porcelain. Sodium tungstate has founcl 
application as a mordant, and for rendering fabrics more or less incom- 
bustible (see p. 228). The tungsten bronzes are used for decorative 
purposes.^ 

Tungsten and Hydrogen. 

No compound of tungsten with hydrogen is known to exist ; the 
solubility of hydrogen in tungsten at temperatures up to 1500° C. is 
very small. ^ 

Tungsten and Fluorine. 

Tungsten and fluorine react at ordinary temperatures with produc- 
tion of a volatile, white crystalline compound which is decomposed by 
water. ^ 

Tungsten Hexafluoride, WFg, is obtained ^ by the action of 
anhydrous hydrogen fluoride upon tungsten hexachloride in platinum 
vessels, or by the interaction of antimony pentafluoride with the hexa- 
chloride. It is a solid at low temperatures ; just' above 0° C. it sub- 
limes to a heavy gas which fumes in moist air ; it reacts with water 
with production of tungstic acid. It attacks both glass and mercury ; 
by alkalies it is decomposed, and with alkali fluorides it forms double 
salts. 

Oxyfluorides. — The oxy fluoride, WOF4, has been prepared® by. 
interaction of the oxychloride, WOCI4, with anhydrous hydrogen fluoride, 
and by heating tungsten trioxide with lead fluoride, bismuth fluoride, or 
cryolite. It forms small hygroscopic plates which are decomposed by 
water ; it has the property also of absorbing in the cold half a molecule 
of ammonia, thereby becoming orange in colour. 

Attempts to prepare the fluoride WOgFg by similar methods were 
unsuccessful, though small quantities are formed by the action of 
water on the oxytetrafluoride ; ® double compounds of the formuhe 
2KF.WO2F2.FI2O, KF.WO2F.H2O, 2TIF.WO2F2, 3TIF.2WO2F2, 
and TIF.WO 2 F 2 have, however, been prepared.® The complex salt, 
luteocobaltic fluoroxytungstate, Co(NH3)6^3.2W02F"2j obtained ^ 

by adding luteocobaltic fluoride to a solution of tungstic acid in hydro- 
fluoric acid, and allowing to crystallise from the dilute acid solution. 
The crystals are stable at 110° C. 

Tungsten and Chlorine. 

Tungsten Dichloride. — By careful reduction of tungsten hexa 
chloride in hydrogen, or of the tetrachloride in carbon dioxide, there is 

1 Philipps, Ber., 1882, 15 , 499; Engels, Zeitsch, amrg. Ghem., 1903, 37 , 125; Schaefer, 
ibid., 1904, 38 , 148. 

2 Sieverts and Bergner, Ber., 1911, 44 , 2394. The values obtained were not equilibrium 
values. 

2 The existence of double salts containing trivalent tungsten, e.g. KWF^.IUO and 
(NH 4 )WE 4 .H 20 , has been indicated by Rosenheim and Li, Ber., 1923, 56 , B, 2228. " 

Ruff and Eisner, Ber., 1905, 38 , 742 ; Zeitsch. anorg. CJiem., 1907, 52 , 256. 

Ruff and others, Zeitsch. anorg. Chem., 1907, 52 , 256. 

® Ephraim and Heymann, Ber., 1909, 42 , 4456 ; Marignac, Ann. chim. Phys,, 1863, [3], 
69 , 70. 

’ Miolati and Rossi, Atti B. Accad. Lincei, 1896, [ 5 ], 5 , ii., 183, 223. 
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obtained 1 a, ^rcy, ainor{)lu)ns, n()i\-V()la;tile, nnsta])le mass, wliieh 

a.i)|)c‘a.rs to contain tnn^i»'sti‘n di<‘hIori(le. Tlie luaxaclihyricle is more 
rtaidily rcdiHMal “ l)y i, ignition in a strea,m of nitroo-en writli powdcnaal 
alnmininm and (inartz ; on t‘xtraetino' the prodne't with ii\'dro(‘hloric 
a,eid, and saturating tlie (‘onecaitrattal extract with hydrootai chloride, 
skmdca' yellow ntHHlIes, of eoniposition n| NVtjCI^ JLd) |a,q^ sc‘pa,ral.(‘! 
This (;oin])ound is h‘ss stai)k‘ tlian the eorresj)ondiny inoly bckauau eoni- 
ponnd, and ra|)i<lly loses hydroneu (‘hlorid(‘ on ex|)()snrt^ to air. In 
aJeoliolie solution or on ,i»'(Mvti(^ luavtin^-, T mokaadc^ of hydron*(‘ii eliloride 
is lost and a,n insoluhk^ yt‘llow residue ot eoniposition j | 
remains. VVitli eonecaitratial sulphuric a, (‘id the compound VV;jCl',(S(),j ) 
is Ibrnual. A littk' wat.(‘r hydrolysc‘s it to tlH‘ eompound' [VVaCl,,. 
^HoOIOl^; niu(‘h wa.t(‘r or alkaii hydroxides eonv(‘rt it eonrjiletely to 
tun<>stie acid or tunnstate. Wluai tlu‘ ehlor-a,eid is dissolved in’ liot 
eon(‘(‘ntrat(‘d hydrobromie a.i‘id and t.lie solution (*ook‘d, thin yellow 
kadkds, of <*om{)osition Il| \V^lhq(T,.no()|l)n.X), separat(‘. 

Double Chlorides of Trivalent Tungsten, wit h th<>s(‘ of potassium, 
anunonitinu nd)idium, (*a‘sium, a,nd thallium, ha.ve l)e(;u i)repa.rc‘d by 
reduction with tin of a. solution of potassium tinvystate in eoiu‘(‘nl,rat:e’d 
hydroehlorii* acid. dT(‘y arc all anhydrous, of tiu‘ ty'jx^ UtjWXIj,, and 
are stable in th<.‘ dry stat(‘. ( ondu(*l i\'it.y and eryos(‘0{)ie nu‘asurem(‘nts 
show tliat. tint tuna’st<‘n is |)res(‘nt as part, of a. eompk^x anion, and tliat 
in a.(iueous solution not mor<‘ than four ions a.r(‘ |)rodu(‘(‘d l)y dissocia- 
tion. 'rh<‘ anion, is very stabk\ and tlu‘ ehlortun^states act 

as stron^^ redu(‘injL»’ au'tads on solutions of silvcu', <(oId, mereury, (‘o|)|)er, 
and ierri(* sidts ; ii» tlu‘ last eas<‘ tlu^ rea,etion is (|iuuititative. The 
followin^^’ salts ha.v<‘ btxm pr<‘pa,r(‘d : 

(k'(NII;j),5\V2Ch.).2n.j;0, dark a’r(*(‘n, mi(‘ros(‘opi(*, r(‘eta,ni*nlar ])risms ; 

Co(Nn.{)<}\V.,(T).<>n.»0, bright .ariaap miero(‘r\’sl a.Hin(‘ povvdia*; 

Cu(NI 1.5)1 KW.iCh). n..b), ia'r(‘(*n (‘rystallim* |)owd(‘rs ; 
(''d(NH,),5NH,5\V.Xl,‘‘; 

(klCNHJ.KWAi;; 

|Ag(NIb,)5>].5\V;(:i„ unstat)k‘. 

Th(‘sc‘ a, re m'enerally sparingly soluble in \vat.(‘r, the <H>ii(‘entra,ted solu- 
tions lH‘in^^ .e*n‘(‘n, th<‘ mon* dilute, yadlovv. 

A solution of tlu* fre(‘ a, (‘id, n;5VV2Clj„ is obtaimal by the aettion of 
hydriodie acid on a solution of tlu‘ thallium salt ; it has liot, however, 
b(‘(‘n isolatiaL*' 

Tungsten Tetrachloride, WCl,^ . By i)art ial ixMluetion, witli 
liydro^tai, of th<‘ hexn(*hlori<k‘, Uieh<‘ obtained t his eompound in tlie 
form <)f v()luinin()iis, ^j;’n‘yish«br<)wn crystals, whi{‘h may he mon^ readily 
obtaiiua! liy distilling a, mixture of th(‘ h(‘xa,“ and pent;a,-(‘hlori(k‘S a,t a. 

^ IlostJiHS Annt(l('ii, lH7‘i, 162, ,’M9 ; tV/rw,. 1872, 25, (!l ; linlL Aon. efiioiu, 1872, 

17, 20tt 

Ijiadiirr aa<t co- w<»rkarH, //rr, , 1922,55^ lltt 1458; ZviiHch. aiiora, (Jhnw.., 1924, 140, 

357. 

‘I Hill (./. Avor. (7trni. Aon., 19 01, 38, 2982) used Hodinm aniak'ljuu, but tlu^ ruiudkia 
in diaicull (o control and ttu* yield of tuagHica dicliloride is poor, 

Olsson, //(/•,, 1 9 1,‘t .- 16 , 599 ; h<»hrnlieinniial Ib'lin, //ra/,, 1915*48, 1197. 

Colleubcrp, aiul Sandved, ZHtmh, Vkute, 1929, 130, 1. 

*' PdclH', .Iz/a. Chvni. /V//C,, 1857, |91, 5e» 15, Sec- VVoliler, vVnV/,, 1829, |2], 29*49; 
Potjtj. Annnlnn, 1824, 2, 945 ; von Uornh, J. prukL (Jhmn., 1851, 54, 254 ; .lioBcue, be, cU. 
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low temperature in a current of hydrogen or carbon dioxide. It is also 
formed, together with other compounds, during the preparation of the 
pentachloride. It is infusible, but decomposes at a moderately high 
temperature into pentachloride and dichloride ; if sufficiently heated, 
the ultimate metallic residue is pyrophoric. In presence of water the 
compound undergoes hydrolysis.^ 

A double hydroxychloride of tungsten with potassium chloride has 
been prepared by the reduction with tin of a solution of potassium 
tungstate in concentrated hydrochloric acid ; after a series of colour 
changes the compound which is stable in the dry con- 

dition, is obtained. 

Tungsten Pentachloride, WGI 5 , is obtained by distillation in 
carbon dioxide of the lower chlorides produced by reduction of the 
hexachloride with hydrogen. ^ It is, in the amorphous state, a greyish 
substance, while its vapour is greenish yellow ; in the crystalline con- 
dition it forms brilliant black needles. Tungsten pentachloride melts 
at 248° C. and boils at 275*6° C. ; its vapour density is normal.^ It is 
hygroscopic, but is decomposed by excess of water, with production of 
the blue oxide and hydrogen chloride. Upon electrolysis of an alcoholic 
solution of tungsten hexa-clilovide, the compound WCl 2 (OEt) 3 , contain- 
ing pentavalent tungsten, is obtained.^ Potassium and rubidium com- 
pounds, of composition R 2 WOCI 5 , probably containing pentavalent 
tungsten in a complex anion, have been described.® 

Tungsten Hexachloride, WGlg. — In the entire absence of air and 
of moisture, tungsten heated to redness combines with chlorine to form 
the hexachloride, but it is extremely difficult to prevent simultaneous 
formation of the readily volatile oxychloride WOCl^;'^ the reaction is 
accelerated catalytically by the presence of platinum black.® The hexa- 
chloride may also be obtained by the action of chlorine on the crystalline 
disulphide.® The compound is a violet substance crystallising, e.g. 
from solution in carbon disulphide, in the cubic system ; it is only 
slowly decomposed by water, although as usually prepared it fumes in 
moist air and is decomposed by cold water owing to the presence of 
oxychlorides. It melts at 275° C. and boils at 346° C. ; its mean 
vapour density at 440° C. is 168*8, a value which points to dissocia- 
tion of the molecule at this temperature. As a matter of fact, dry 
carbon dioxide passed through the fused salt liberates chlorine from 
the hexachloride, but not from the pentachloride. 

Reduction with hydrogen converts the hexachloride into lower 
chlorides {q.th) and even into the metal (see p. 184), while with oxygen, 

^ Roscoe, Annalen, 1872, 162, 349. 

^ Olsson, Ber.y 1913, 46, 566. 

» Blomstrand, J. prakt. Ghem., 1861, 82, 408 ; 1863, 89, 230. Gf, Malaguti, Ann. 
C7iim. Phys., 1835, [2], 60, 271, whose product was probably the oxychloride,W02Cl2. 

^ Roscoe, loc. cit. ; Blomstrand, loc. cit. 

® Eischer and others, Zeitsch. anorg. Ghem., 1913, 81, 102, 170. 

« Collenberg and Guthe, Zeitsch. anorg. Ghem., 1924, 134, 317 ; 136, 252. 

Blomstrand, loc. cit. ; Roscoe, loc. cit. ; Teclu, Annalen, 1877, 187, 225. 

® Hill, «/. Amer. Ghem. Soc.f 19i6, 38, 2383. 

» Defacqz, Gompt. rend., 1899, 128, 609. 

10 Roscoe, loc. cit. ; Riche, Ann. Ghim. Phys., 1857, [3], 50, 15 ; Blomstrand, loc. cit. ; 
Pring and Fielding, Trans. Ghem. Soc., 1909, 95, 1502. 

Roscoe, loc. cit. ; Bebray, rend., 1865, 60, 820. 

3La Compare Persoz, Ann. Ghim. Phys., 1864, [4], i, 93 ; Gompt. rend., 1864, 58, 1196 ; 
Bull. Soc. chim., 1864, [2], 188. 



197 


COMPOUNDS OP TUNGSTEN. 

oxychlorides are formed. With halogen hydracids, lower halides and 
mixed halides are formed.^ 

Oxychlorides. — Two oxychlorides of tungsten, respectively 
WO 2 CI 2 and WOCI 4 , are known. 

Tungsten dioxydichloride {tungstyl chloride), WO 2 CI 2 , was originally 
considered ^ to be a chloride of tungsten, and was obtained, although 
mixed with a certain amount of the oxy tetrachloride, by interaction of 
chlorine with tungsten dioxide. ^ In attempting to prepare tungsten 
hexa-chloride by the action of sulphur chloride ^ upon tungsten trioxide, 
Bourion ^ found that the product of the reaction was a mixture of the 
two oxychlorides only. Further, it is produced by heating tungsten 
hexachloride with oxalic acid.® 

This oxychloride forms stable yellow crystals which readily sublime, 
but which also melt at 259° C. ; at much higher temperatures the sub- 
stance largely dissociates into tungstic anhydride and the oxytetra- 
chloride. Partial decomposition is also effected by warming with water.^ 

Tungsten oxytetrachloride, WOCI 4 , is obtained by heating tungsten 
pentachloride or hexachloride in oxygen,® by heating the penta- 
chloride with oxalic acid,® by interaction of phosphorus pentachloride 
with tungsten trioxide ; ^ together with the oxychloride, WOgClg, by 
heating tungsten trioxide in a current of sulphur chloride vapour,® by 
heating the trioxide or oxychloride, WO 2 CI 2 , in the vapour of the hexa- 
chloride alone or mixed with chlorine,® or by passing dry chlorine 
over a heated mixture of tungsten trioxide and carbon,^® the main pro- 
duct being then the oxytetrachloride, which may be obtained in a 
moderately pure state by taking advantage of its greater volatility than 
that of the dioxydichloride. It is also formed, together with small 
quantities of the hexachloride and probably of the pentachloride, when 
carbonyl chloride is passed over heated tungsten powder. 

Tungsten oxytetrachloride forms splendid transparent, ruby-red, 
needle-shaped crystals which melt at 210 ° C. and boil at 227*5° C., 
giving a red vapour of normal density. By water it is decomposed, 
giving first the yellow oxychloride, and further, hydrochloric and 
tungstic acids. A certain amount of the yellow oxychloride is also 
formed from it by loss of chlorine on sublimation in air or oxygen,^® 

Tungsten and Bromine. 

Bromine and tungsten at a red heat interact directly ; bromides 
corresponding to the formuhe VVBrg, WBrg, and WBr^ are known. 

1 For details of tlieso and other reactions, see lloscoe, he. cit. ; Blomstrand, he. cit. ; 
Defacqz, Compt. rend., 1899, 128, 1232 ; 129, 515 ; Ann. Ghim. Phys., 1901, [7], 22, 238. 

2 Wohler, Ann. Ghim. Phys., 1823, [2], 29, 43 ; Pogg. Annale 7 i, 1824, 2, 345. 

® Wohler, loc. cit. ; Roscoe, Annalen, 1872, 162, 349 ; Ghem. Neim, 1872, 25, 61 ; 
Bull. Soc. chim., 1872, 17, 209. 

^ Clilorin© may also be used. See Riche, Ann. Ghim. Phys., 1857, [3], S®, 15. 

s Bourion, ibid., 1910, [8], 21, 56. 

® Debray, Compt. rend., 1.865, 60, 820. 

Riche, loc. cit. ; Eorcher, J. praJd. Ghem., 1862, 86, 408 ; BuXl. 80 c. chim., 1863, 5» 
197 ; Roscoe, loc. cit. 

8 Blomstrand, loc. cit. ® Schiff, Annalen, 1861, 117, 94 ; 1879, 197, 185. 

Riche, A.nn. Chim. Phys., 1857, [3], 50* 1^- 
Lindner and c5o-workers, Ber., 1922, 55, [B], 1485. 

Riche, loc. cit. ; Roscoe, he. cit. 

18 Blomstrand, J. prakt. Ghem., 1861, 82, 408 ; 1863, 89, 230. 
von Borch., ibid., 1851, 54, 254 ; Blomstrand, loc. cit. 
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Tungsten Dibromide, WBrg, remains as a velvety bluish-‘|>1 
crystalline residue when the pentabromide, heated in a bath of i\t^ 
zinc chloride, is reduced by hydrogen.^ 

Tungsten Pentabromide, WBrg, is best prepared by passii^f: 
current of bromine vapour, which may be diluted with carbon du 


but must be entirely free from air and moisture, over tungsten at 




heat ; ^ by heating the hexachloride at 300° C. in dry hydrogen brorn i ^ * 
a less pure product results. 

This compound forms lustrous dark brown hygroscopic cry.*-^ ^'* 
which melt at 276° C. and boil at 333° C., and which with exce?^**^ 
water yield the blue oxide and hydrobromic acid, though they 
soluble in the common anhydrous organic solvents. They are recl i ^^!' 
by hydrogen to the dibromide and to the pyrophoric metal ; 
oxygen, the oxy bromides are formed.^ 

Tungsten Hexabromide, WBr^, is formed, in total abseii<'<‘ 
air and of moisture, by gently heating tungsten in bromine va])t>ii 
an atmosphere of nitrogen.^ It sublimes, forming bluish-black 
which readily decompose on heating. It fumes in the air and is 
posed by water with formation of a blue oxide and hydrobromic a<*i < 
Chlorobromides.- — By treating tungsten hexachloride with l i< C’ 
fled hydrogen bromide at room temperatures, olive-green, hygros< *< d 
crystals of the chlorobromide, WClg.AVBrg, are obtained, whereas ^ 
reaction at 60° to 70° C. produces the compound WCle.SWTBrg, a cry s t« 
line substance possessing similar properties. The latter melts 
232° C. ; both are readily decomposed by water.'*^ 

Oxybromides. — Two oxybromides of tungsten, WOgBr^ sti 


WOEr., are known. When bromine 


vapour 


is passed over recl-l* 


■cl 1 
IXIC 


tungsten dioxide, when a mixture of bromine vapour and air is |) 2 xss 
over metallic tungsten, or when the pentabromide is passed over lic^xxi 
tungsten trioxide, both oxybromides are formed, and are separate 
taking advantage of the fact that the oxybromide, WOBr.^, is the 
readily volatile.^ 

The dioxydihromide, W^OgBrg, forms light red, transparent, inf\ 
crystals which yield a yellow po wder ; . the vapour is slightly d c 
posed into the trioxide and the oxybromide, WOBr^. It is unacted 
by cold water. 


il 


lip 


The oxytMi^ahromide, WOBr 4 , forms readily fusible, dark bi'ov 


lustrous needles of melting-point 277° C. and boiling-point 327° C. 
deliquescent and is decomposed by water. 


It: 


Tungsten and Iodine. 

Tungsten Di-iodide, Wig, is formed^ on passing iodine vn | )o 
over the metal heated to redness,^ or by heating the hexachloric Ic* 
400° to 450° C. in a current of dry hydrogen iodide.® The substa,i i ch* 

1 Roscoe, Annalen, 1872, 162, 349. 

2 Defacqz, Compt. rend., 1899, 128, 1232; 1899, 129, 515; Ann. Ghim. Phjs*,, If) 
[7], 22, 247. 

® Schaffer and Smith, J. Amer. CJiem. JSoc., 1897, 18, 1098 ; Chem. News, 1897, 7*5, 

^ Roscoe, he. cit. ; Bonnet, Compt. rend., 1837, 4, 198; von Borch, J. prakt. < 
1851, 54, 254. ' 

® If no precautions are observed, a green substance which may be an oxyiodidc!' ^ 
obtained. 

® Defacqz, he. cit. ; also Compt rend., 1898, 126, 962. 
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brown in colour, amorphous, infusible, insoluble in water, alcohol, and 
carbon disulphide. It is decomposed if sufficiently heated. 

Tungsten Tetra-iodide, WI^, has been prepared ^ by heating for 
two hours at lOO"^ C. in a sealed tube a mixture of the hexachloride and 
liqueticd hydrogen iodide. It is a black, crystalline, infusible substance 
which d(‘(‘<)mj)os(.‘s on volatilisation and has a density at IS"" C. of 5*2. 
It is not completely stable in air ; it is insoluble in water, ether, and 
chloroform. 

Tungsten and Oxygen. 

Three wc‘lhd(.tinc‘d oxides of tungsten exist : the brown, essentially 
basic, dioxi(l(‘, WO^ ; tlie yellow, essentially acidic, trioxide, WO3 ; and 
a blue intt‘rnu‘diatc‘ oxide, ditungsten pentoxide, W2O5. Several other 
oxides ha,V(‘ bt'cm dcscn])cd, for example : W4O.J, W2O3, W5O14 ; 
Wr/)^ ; VV.jOj^ ; ami VV4O41 ; but the identity of none of these has 
been j)rove(i, and tlicy a|)pcar to be eitlxer identical with, or mixtures 
(‘outaini ng, the blue oxi(k‘. By measurement of the equilibrium con- 
sta,nts (luring r(‘duction of the trioxide by a gradually increasing amount 
of hydrogen, it lias liccn sliown ^ that between the trioxide and the 
metal only the two oxides, VV^O^ and WO*^, exist as stable phases. 

Tungsten Dioxide, WO^, may he obtained as a brown amorplious 
})owd(vr l)y Iicatiug tlie trioxicle to (lull redness in a current of hydrogen.’ 
The residue remains in a stable condition, il' allowed to cool in contact 
witli hydrogen, Cor about twenty-ibur liours,^ but it is diffi(nilt to obtain 
the purc^ dioxide })y this means, as reduction is lialile to proceed lurther 
unless tlie t(mi|)erature is carefully regulated. It may also be produced 
by licating tungsten di-iodide t(x 500 *^ C. in a current oi carbon dioxide,** 
by a,cting on, tin; tetrachloride with water, or by lieating a mixture of 
ammonium chloride and normal potassium tungstate, the residue being 
well waslied witli water. In tlic wet way it is obtained as copper-red 
si)angl(‘s by tlu! addition of moderately strong hydrochloric acid and 
zinc to tungsten trioxidc, to one of its hydrates, or to sodium 
metatungslat;(x*^ 

The crystalline Corm has lieen obtained by heating lithium para- 
tungstatx^ in a, curriMit of hydrogen at about the melting-point of glass 
for ldrty-h\"(^ minutes. Idic |)roduct, alter cooling, was treated suc- 
C(^ssiv(‘ly with boiling water, concentrated lvydro(‘hloric acid, and lithium 
hydroxide solutioti, and tlien very carefully waslied with warm water; 
it rcamiins as a,n ()|)a(pie, brown, micro-crystalline powder, with a 
medal lie lustr(‘. 

* (hni'pL n\nd., 181)8, 127, 510. 

“ .Dcsi, ./. Amcr. ahein. Soc.., 1897, 19 , 213 ; Bull. 80 c. chim., 1897, [3], 18 , 984 ; Cham. 

'' ’Aniiahii., 1855, 94 , 225. ■* vou der Pfordtoa, ibid., 1884, 222 , 137. 

lj(UH(ir, 7jidtsc!i. .lU(dd/roch(i'nkf 1907, I3> 090. 

« Wr)hl(M'aiHl nal'Avm, 1021,27,400, 

7 UorzcliiiH, t^vhwciijqvjr'a J., 1810, i6, 476 ; Pogg. Annahn, 1825, 4, 147 ; 1820, 8, 207. 

» lUfilus Ann. Chini Fhys., 1857, [3], 50, 29. 

» DctucKj/, (hnnpL rr.fid., 1898, 126, 902. 

K,()S(u)i‘., AniKdrn, 1872, 162, .349; Bull. Soc. cMm,., 1872, 17, 209; Chem. Neivs, 1872, 
25, 01. 

II VV(")hl(‘.r, /l'>/x/.. (dihn. Phyn., 1823, [2], 29, 43 ; Fogg. Awmilen, J.S24., 2, 345. 

WtHiO'r, loc. rlt. ; von der Pfortlten, Bar., 1883, 16, 508 ; Bull. Soc. chim., 1883, [2], 
40 , 308 ; Anufdrn, 222, WS. 

>'* iraIlo|)(‘-a,u, (Joinpt. rend., 1898, 127, 512 ; Bull Soc. chim., 1898, 19, 748 ; Ann. Chzm. 
Phijs., 1900, [7J, 19, 1 12. 
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The density of tungsten dioxide, according to Karsten, is 12-1109. 
It is stable in the air but is readily oxidised. Heated in oxygen, it 
yields the trioxide ; at 500° C. in nitrous oxide or nitric oxide, the blue 
oxide, W 2 O 5 , results, while nitrogen peroxide yields the trioxide. ^ 

The following thermal values have been determined : ^ 

W+02=-W02+127,900 calories. 

4 W 02 + 02 = 2 W 205 + 125,200 calories. 

2 W 205 + 02 = 4 W 03 + 140,400 calories. 

Heated in chlorine, the yellow oxychloride, WO 2 CI 2 , is obtained.^ 

Tungsten dioxide thus acts as a powerful reducer, and will convert 
mercuric and cupric salts to the mercurous and cuprous condition,^ and 
precipitate the^ metal from ammoniacal silver solutions.® The amor- 
phous variety is^ soluble in hydrochloric and sulphuric acids, yielding 
red solutions which on standing undergo partial oxidation with loss of 
colour ; ® the crystalline dioxide is unacted upon, even by the hot 
concentrated acids. Nitric acid has a slow oxidising action. Con- 
centrated alkali solutions dissolve the amorphous oxide, with formation 
of the tungstate and liberation of hydrogen, but have no action on the 
crystalline variety.® 

Tungsten dioxide is reduced to the metal by heating with carbon 
to about 1020° C.® 

The corresponding hydroxide, W(OH) 4 , been prepared by the 
electrolytic reduction of solutions of tungsten trioxide in hydrochloric 
or hydrofluoric acid.i<5 It is a brown powder, insoluble in sodium 
hydroxide, sulphuric acid, or acetic acid, but soluble in concentrated 
hydrochloric acid, yielding a greenish solution which rapidly becomes 
blue owing to oxidation of tetravalent tungsten to the pentavalent 
condition. 

The Blue Oxide of Tungsten (Ditungsten Pentoxide) may be 

formed by oxidation of the dioxide, or by reduction of the trioxide. 
It is thus an intermediate oxide, and since it is itself prone to oxida- 
tion, it is difficult to isolate in a pure condition, and it is doubtful 
whether it has yet been so obtained. Our knowledge of its composition 
and properties is therefore limited. It is generally known as the ‘‘ blue 
oxide of tungsten, and there is evidence of pentavalent tungsten, 
but the blue product may also be regarded as essentially tungsten 
tungstate. 

The formation of a blue compound by reduction of tungsten trioxide 
was first observed by Berzelius, and the compound was first prepared 
by Malaguti 12 by heating the trioxide at 250° to 300° C. in a current of 


^ Sabatier and Senderens, Ann, OUm, Phys., 1896, [7], 7, 348. 

2 van Liempt, ZeitscK anorg, Qhem., 1923, 126, 226. 

^ A7^naZe9^, 1872, 162, 349; Bull, Soc. ckim., 1872, 17, 209; CJmn. News, 1872, 

25, ol. 

^ Riche, Ann. OUm. Phys., 1857, [3], 50, 29. 

® Smith and Shinn, Zeitsch. aTiorg. Chem., 1894, 7, 47. 

® Riche, Ann. Chim. Phys., 1857, [3], 50, 5. 

’ Hallopeau, Oomp. rend., 1898, 127, 512. 

8 -Riohe, he. cit. ; Hallopean, he. cit. ; Delepineand Hallopeau, Compt. rend., 1899 129 

^^10 -R 1 T n • " S^eenwood, Trans. Chem. 80 c., 1908, 93, 1493.’ 

Bernhardi-Gnsson, Dissertation, Berlin, 1910. 

11 Lehrbuch der Ohemie, 3rd ed., 1833, ii., 365 

^ “ Malaguti, A7in OMm. Phys., 1836, [2], 6o, 21 \ ; Compt. rend., 1835, i, 292. See also 
Riohe, Ann. Ghim. Phys., 1857, [3], $0, 5 ; Liesegang, Photogr. Arch., 1865, p. 152. 
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hydrogen. Carbon monoxide may be used instead of hydrogen. The 
blue oxide may also be obtained by cautiously heating ammonium para- 
tungstate in a closed crucible,^ by the electrolysis of fused sodium 
tungstate ^ or of a boiling solution of a tungstate in hydrochloric acid,^ 
by decomposition of tungsten pentachloride or pentabromide by means 
of water, ^ or by reduction of an acidified solution of a tungstate by 
means of zinc or stannous chloride. The product is a powder of which 
the colour varies from greenish blue to deep blue. It is readily con- 
vertexi to the trioxide by heating in oxygen or air. Its magnetic sus- 
ceptibility is ^ 0 * 755 . When prepared in the wet way it is readily 
oxidised by nitric acid, but the product obtained in the dry way resists 
this reagent. 

A similar blue compound was prepared by Allen and Gottschalk ® 
b}^ heating on a water-bath a mixture of tungsten trioxide and stannous 
chloride in hydrochloric acid solution, or by heating the trioxide with 
concentrated hydriodic acid in a sealed tube at 200° C. The product 
was oxidised on standing in air, was insoluble in hydrochloric acid, but 
soluble in alkalies with evolution of hydrogen. Its composition 
appeared to be W5O14.H2O. It reacted with ammonia, yielding some 
ammonium tungstate and a brownish-purple residue of composition 
W3OS.II2O. 

A colloidal solution of the blue oxide, known as tungsten blue, may 
be obtained by the electrolytic reduction of an acidified tungstate 
solution,'^ or by first saturating a solution of metatungstic acid with 
hydrogen sulphide and then neutralising by means of ammonia or 
ammonium sulphide.*^ The solution, when freshly prepared, is optically 
void, but, on standing, a luminous cone gradually appears.^ Under the 
influence of the electric current the colloid moves towards the anode. 
The composition of the dissolved oxide, according to Leiser, is W4O44. 
The solution may be used for dyeing silk, and also, but not so satis- 
factorily, cotton and wool. 

Tungsten Trioxide, Tungstic Anhydride, or “ tungstic acid,” 
WO3, occurs naturally as tungstite (see p. 182), but it is usually 
obtained from the commoner ores, scheelite and wolframite, Scheelite 
is readily decomposed by means of hydrochloric acid or nitric acid,^® 
and on washing and igniting the residue, tungsten trioxide results. 
Wolframite is more resistant to acid attack, but by treating the finely 
powdered ore first with hydrochloric acid and then with aqua regia, 
the iron and manganese may be dissolved out, and the residue on 
addition of ammonia will yield a solution from which crystals of 
ammonium tungstate can be obtained on concentration, and these on 
heating yield the trioxide. 

^ Malaguti, loc. cit . ; Uslar, Beitrdge zur Kenntnis des Wolframs mid MolyhddnSf 
Gottingen, 1855 ; Desi, J. Amer. Ohem. Boc., 1897, 19 , 213. 

2 Burcklmrd, Zeitsch. Chetn., 1870, 6 , 212. » Smith, Ber., 1880, 13 , 753. 

^ Roscoe, Ann, aim, 1872, 162 , 363. ® Wedekind and Horst, i?er., 1915, 48 , 105. 

® Allen and Gottschalk, Amor, Chem. J., 1902, 27 , 328. 

^ Leiser, Zeitsch. JUektrochem., 1907, 13 , 690. 

8 SeheibUo', J. prald. Ghem., 1860, 80 , 204 ; 1861, 83 , 273 ; Biltz, Bcr,, 1904, 37 , 1095 ; 
Blitz a,ud (k‘ib(‘l, Nachr. (Jes. Gottingen, 1906, p. I4d. 

8 Biltz and Goibc^l, loc. cit. Nordenskjold, Pogg. Annahn, 1861, 114 , 612. 

W(‘.isH, Ma,rtin, and Stimmelmayr, Zeitsch. amrg. Ghem., 1910, 65 , 279. 

Sclnuader, «/. prald. Ghem., 1850, 50j > von Borch, ibid., 1851, 54> 254 ; Lotz, 

Annakn, 1854, 91 , 51 ; Riche, Ann. Ohim. Phijs., 1857, [3], 50 , 33; Marignac, ibid., 1863, 
[3], 69 , 12 ; Persoz, ibid., 1864, [4], i, 97. 



202 


CHROMIUM AND ITS CONGENERS. 

It is more usual, however, to effect the decomposition of wolframite 
y with alkali according to one of the following methods : 

1. Ihe ore is fused with twice its weight of potassium carbonate 
1 resulting mass digested with water. Ammonium chloride is 

added to the aqueous extract ^ and the solution evaporated to dryness, 
ne residue being ignited to drive off the ammonium salt; potassium 
ciiloride is next removed by washing with hot water, and any acid 
potassmm tungstate remaining is removed by boiling with dilute 
potassium hydroxide, leaving a residue of tungsten dioxide which after 
tnorough washing with water is converted to the trioxide by ignition 
in an open crucible. "" 

2. Powdered wolfnnnite is fused with sodium carbonate and sodium 
nitrate, and after cooling, sodium tungstate is extracted from the mass 
with water, leaving a residue containing iron, manganese, calcium, and 
any columbium, tantalum, or tin that may have "been present in the 

Crystallisation of the solution yields the dihydrate, NagWO^. 
^ 1120 ," or if the hot solution is first nearly neutralised by means of 
nitric acid or hydrochloric acid, sodium paratungstate (see p. 228) can 
be crystallised out.^ The oxide may then be obtained directlv from 
either of these compounds (see p. 203). 

3. An intimate mixture of the ore with chalk and sodium chloride 

with calcium chloride alone, ^ is heated to about 
500 to 700 C. ; or the ore may be first fused with sodium hydrogen 
sulphate, and then with lime or a calcium salt.^ The residue is powdered 
and treated with boiling concentrated hydrochloric acid, which decom- 
poses the tungstate with precipitation of tungsten trioxide. 

Other methods of extraction are applicable on a smaller scale. When 
a mixture of powdered ore and quartz is heated in a stream of carbon 
tetrachloride vapour, a distillate is obtained of tungsten chloride which 
may be decomposed by acid^ (see p. 270). Solutions of tungstates, 
such as are obtained as a by-product from zinc minerals containing 
tungsten, may be decomposed with hydrochloric acid.’ 

Preparation oj Pure Tungsten Trioxide , — The oxide prepared by any 
of the above processes is always impure, the nature of the impurities 
depending on the composition of the ore and on the materials employed 
in the process. If alkali has been used, the presence of sodium, potassium, 
or calcium tends to give the product a greenish appearance.® Iron, 
mangmiese, silica, phosphorus, tin, molybdenum, vanadium, and 
columbium may all be present, and since tungsten is prone to form 
complex comjpounds with many of these, the purification of the oxide 
IS not easily accomplished. 

Probably the most satisfactory method is that of Smith and Exner,® 


^ Wohler, Pogg. Annalen, 1824, 2 , 345 . 

2 Zettnow, ibid., 1867, 130 , 16, 241. 

» Bernoulli, ibid., 1860, i n, 576 ; Scheibler, J. prakt. Chem., 1860, 80 , 204 ; 1861, 83 , 

i o. 


^ Weiss, Martin, and Stimmelmayr, Zeitsch. amrg. Ghem., 1910 6 k 279 
Com'pt. rend., 1875, 81 , 95 ; Bull. 80c. chim., 1876, [ 2 ], 25 , 65 ’ 

5 Brandenburg and Weyland, Qmnar 

149556 (1902). 

« Jamiasch and Leiste, German Patent, 266973 (1913). 

7 Philipp, Jahresber., 1875, p. 745 ; Franz, J. prakt. dmn., 1871, [ 2 ] 4 238 

8 Roscoe, Q}mn. News, 1872, 25 , 90; Smith and Lukens, ibid., 1926 ’n 2 33 

^ Smith and Exner, ibid., 1904, 90 , 37 , 49 , 66 . • 


; Jean, 
Patent, 
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which consists in digesting animonium tungstate with nitric acid (1 : 1) 
and a little hydrochloric acid, and after thoroughly washing the tungsten 
trioxide produced, dissolving it in ammonia, and allowing the para- 
tungstatc to crystallise out. After repeating the process several times 
pure ])a,ra tungstate is obtained. This salt, on Iiirther digesting with 
nitric acid and then evaporating to complete dryness, yields pure 
til 1 1 gs tc‘ 1 1 t r i () X i dc . ^ 

Silica, nia.y be removed from impure tungstic anh^^dride by fusion 
with ])ota,ssiuiu hydrogen sulpliate and extraction of the alkali tung- 
state I'roin the cooled mass with water. 

Molybdenum may be separated as sulpliide by passing hydrogen 
sulphide into a solution of tlie oxide in hydrochloric acid containing 
tartaric a(‘id.'^ Tliis niethod is not effective with large quantities, and 
it is b(vtt(‘r to convert the trioxidc to sodium tungstate (see p. 225), 
dissolve in water, and nearly neutralise with hydrocliloric acid, when 
the })a,rat,ungstatc can be crystallised out.^ One half of it is dissolved 
in boiling water and tlic trioxide preci])itated by tlie addition of hydro- 
chloric and a little nitric acid.^ The precipitate is then added to a 
boiling solution of the other half of tlie paratungstate and the boiling 
eontiniK‘d until coni])letc trail sforinatiori into tlie nictatimgstate occurs 
and hydi'oc'hloric acid no longer gives a precipitate. The acidified 
solution is tlien ti’cated witli liydrogen sulphide, wlien all the molyb- 
denum is ])recipitatcd. 

f Finely powdered sodium tungstate or paratungstate, or a concen- [ 
■tra;tc‘d solu tion of thci latter, wlicn treated with a large excess of boiling 
hydrochloric acid (I : 1) containing a little nitric acid, yields a volu- 
minous oriingc‘-c*()loured mass from which tlic trioxidc may be obtained 
l)y ignition. A similar product remains when the tungstate or para- 
tungstates is lu‘at(‘d witli concentrated sulphuric acid in a porcelain, dish 
until th(‘ acid ruines strongly, the mixture after cooling being diluted 
witli wat,(‘r and washed by decantation. 

Tlie })r(x*i})ita,tion 1‘rom dilute solutions of sodium tungstate by the 
addition of mineral acids has been investigated by optical methods by 
Lottin’inoscr,'^ whose results indicate that the process is auto-catalytic. 
'Tlic vc'locity ol* l.hc' r(‘action depends upon tlic hydrogen-ion eoncentra- 
tion, tlic^ change' taking ])lace more rapidly with hydrocliloric acid than 
with sulphuric a,(*id, wliilst acetic acid does not cause precipitation. 

As oblaincd by any of tlie above methods, tungsten trioxide is a 
bright canary-yc'llow coloured amorplious ])owdcr, which becomes dark 
orange when*^ hc'atc'd, l)ut regains its bright yellow colour on cooling. 
It has a, Iso lit'cn obtained in the crystalline forni : (1) by strongly heat- 
ing ainorphous tungstc^n trioxidc ; ^ (2) by fusion of hydrated tungsten 
trioxidc with iiorax ; (3) by passing hydrogen cdiloride over tungsten 

I aiso Ann. Chink Phys., 1864, [4], i, 93 ; Bornoiilli, Pogg. Aivmdm, 1800, 

HI, r>9() ; Ann. Gkim. Phys.^ 1857, [3], 50> 15. 

Si \Vad(l(‘ll, Chmi. J., 1880, 8 , 280. 

Waddcdl, lor. Hi. ; Wcdilor and Engels, KoU. C'hem. Jkihej'le, 1910, I, 454. 

** Eri(‘dli(4m and M(\y(M’, ZHIsHl anorg. GJmn.^ 1892, i, 70. 

(JJ. Pcirsoz, tor. Hi. 

Z'(d-(riic)W, l^ogg. Annalm, 1800, ill, 16; 1807, 130 , 10, 241. 

LoUennosen*, Kollaid. Zeitsch., 1914, 15 ^ 145. 

« Bernoulli, J^ogg. Annalen, 1800, III, 570 ; Scliafarik, 8ilzungd)er. K. AlcaiL lfis' 5 . 
]¥ien, 1803, 47 , 24it 

® NordenHkjold, Pogg. AnnaleUf 1801, 114 , 012. 
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irioxkk^ hailed to l)riglit rcKlness ; ^ or ( lO by strono'ly ii luixturc 

of soclixiiu l.uni>’sla.bc aiul sodium carbouatc iu a stre^am ot lt\’dro^‘eu 
chloride.^ Ac*(*ordino' to Nordeuskjr)ld, the (‘rystals ol)tained were 
small tran,spa,rt‘nl. prisms of the orthorhombic system : 

a : 1) : c : -O-GOGC) : 1 : 0- 1.020 ; 

those obtained by Debray werc^ octahcalrab sonu‘ nh'IIow and trans- 
lucent, oliua's dark i»'r(‘en and o|)a.([ue.“ 

'riini^stcai trioxicie may also be ol)ttun<‘d by direct synthesis. W lum 
a. timiJ'stcai wire is lu'a.l(‘d in oxygen at low {)r(*ssure, th(‘ trioxidt‘ is 
fornual at about SOO" Ai)s.r^ above tins Uanperature the oxide volati- 
lises a.nd the nutal is h‘ft clean and bright at 1200"* AI)S. 

The density ol‘ amorphous tungsttai trioxid<‘ at 17 ’ V, is 7’ 10 ; wliilst 
that of th(‘ erystalliiu' \'a.riety at the same ttanperat iir(‘ is 7-2;h'’ 'IMiv 
spc(‘ilie heat ot tlu‘ trioxide betwxaai S"’ (t and OS ' C'. was dtdtaanimHi 
by lU‘gua,ult‘’ to bc^ 0-0708. 'Flu^ following valut\s for lower tcanpera- 
tures liavc^ bexm detcaaniiu^d more na'cntly : ’ 


Teiuperatiirc-. K.juig(‘, " (1 

SpiM-ifn- Ihsit. 

Miilts-ulnr Heat. 

— 18!)-() l()-S()-<) 

0-01.1.2 

10-25 

— 75 ■« to (»■() 

0-0(;78 

1 5-78 


0-()788 

18-10 


When luxited, tungsten trioxid(‘ fuses at a tem|)eralur(‘ Ixrtwaam 
1000“ and 11.00“ (!.,“ but, unlike the trioxid<‘ of uranium (sxa* p. 005), 
no eha,ng(‘ in eoinj)osition occurs xip to 1750 ' It. is mort* stnmgly 
magnciic than nudallic tungsten (see |). 1S7), its magmdie suset'jvti- 
bility at 15“ V. Ixeing 0-80H.^<> The com|)ound nxulily umha-goes 
reduction; the greenisli tinge which the powder someliines poss(\sses, 
if not du(‘ to metallic impurity (cj\ j). 202), is due to nxluetion 
at ordimiry l.emp<‘ral.ures l)y traces of organic matUa*, ^ ‘ lowta* oxid(‘s 
Ixbig formed ; Uui yctlow colour may 1 h^ r(‘stor{‘d Ijy heating in a, 
current of oxygcai. When lieated with carbon, timgsltm Irioxiih- 
yields tlu^ blu<’i oxide between 050“ and 850" (‘., a. dark brown 
niixtuni of oxidc^s between 900“ and 1050“ and nu^tallie lungsUai 
above 1050" (h ; if Iiydrogen is used as tlie reduetax ilu‘ inixlun^ 
of l)rown oxides is olxtaiiual at 800“ to 900“ tt, and at loso" (!. 
a deposit of j)ure tungsten (99-4 |)er cent.) residts. T1 h‘ metal 

^ J>c4)ra,y, Com.i>l, rend., IS()2, 55, 2B7. 

S(H', also Piurg(‘-r, ZeilHch. anorg. Ohem.^ 1022, t2X, 240. 

.Laiip;inuir, ./. Amer. (Jhe.m,. Hoc., 1013, 35» 105. 

^ /(.‘t-tnow, Pogg. Annalen, 1867, 130, 16, 241 ; Saiith and Kxner, Ohmi, Nivum^ 1904, 
90, 66. 

i<(*(tuo\v, loc. cil, NonhaiHkjold given dennity varying fri>m 6-302 to 6*3B>1. 

“ R(*gna.ult, /la//-. (JhivL Pkgs., 1841, [3], I, 120; Pogg. Annahn, 1841, 53» tK), 243. 
Kopp, Annafen Pnppl., 1864, 3, i, given value 0-0804. 

" ltuss(«ll, Ilnjsikal. Zeilseh., 1012, 13 , 50. 

” .inn. Uhvtn. Phgn., 1857, |3J, 5. 

in-a,*!, 7’ro//.s‘. Chem. 8'oe., IHO-I, 65, 313. 

W’cdckiud a,ii(l llornt, Ikn\, 0.115,48, 105. 

" van Ijio.inpt, Zvitsch. anorg. Cham., 1021, 119, 310. 

Davis, J. Ind. Eng. Chmn., 1019, il, 201. 
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is also produced when , the oxide is heated with aluminium or zinc 
(see p. 184). 

If hydrogen is passed through w’’ater at 85° C. and the mixture of 
hydrogen and water vapour then passed over tungstic anhydride at 
900° C., the latter is reduced to the dioxide, WOg.^ The reaction is 
influenced by the amount of water vapour present, and the pentoxide, 
W 2 O 5 , results when the temperature of the water is maintained at 97° C. 

Tungsten trioxide is insoluble in water and in most acids, including 
aqua regia, but is dissolved by hydrofluoric acid. It is also soluble in 
solutions of alkali hydroxides and carbonates yielding tungstates. 

It is acted upon by chlorine, the yellow oxychloride, WOgClg (see 
p. 197), being formed ; hydrogen sulphide gives the sulphide ; gaseous 
ammonia reacts to form the oxy-amidonitride.^ 

The trioxide remains unchanged when heated in a current of nitric 
oxide ; it is reduced to lower oxides by ethylene or acetylene at red 
heat, by methane at a higher temperature, and by phosphine at 125° 
to 150° C.^ Heated with phosphorus pentachloride in an atmosphere 
of carbon dioxide it yields a red-brown product which consists of a 
mixture of tungsten chlorides and oxychlorides.^ 

Tungsten trioxide may be used as a yellow colouring matter in the 
ceramic industry, since permanent yellow glazes can be produced by 
fusion at 800° C. with lead silicate, with bismuth oxide, or with a 
mixture of zinc borate and silicate.^ 

Hydrates of Tungsten Trioxide, Tungstic Acid. — Two well- 
defined hydrates of tungsten trioxide are known : 

1 . A yellow rnonohydrate, WOg.TIgO, and 

2 . A white dihydrate, WO 3 . 2 H 2 O" With bases, both hydrates pro- 
duce the same series of salts, and the first appears to be tlxe true acid, 
tungstic acid, IlgWO^, whilst the second is the hydrate, HaWO^.HgO. 
Both are insoluble in water, but colloidal forms of the acid exist. 
Several other hydrates have been described,® but except in the case of 
the complex hydrate known as metatungstic acid (see p. 233) their 
existence has not been established. 

Tungstic acid, HgWO^, is formed as an amorphous yellow pmcipitate 
when an excess of liot hydrochloric acid is added to a solution of an 
alkali tungstate. If cold acid is used a white precipitate of the hydrate, 
H 2 WO 4 .H 2 O, results,^ from which the acid may be obtained either by 
boiling the mixture or by drying over sulphuric acid. It may also be 
prepared by the following methods : 

(i) By 'digesting a tungsten mineral with hydrochloric acid and 
then with aqua regia until the iron and manganese are dissolved and a 
yellow residue remains. This, after washing, is shaken with ammonia, 
which dissolves the free tungstic acid. The liquid is filtered, and on 
concentration tungstic acid crystallises out. 

1 van Liempt, Zeitsch. anorg. Ghem., 1923, 126 , 183, 226. See also Wohler and Gunther* 
Zeitsch. Mektrochem., 1923, 29 , 276 ; Reinders and Verrloet, Bee. Trav. Ghim., 1923, 42 , 
625. 

2 Wohler, Ann. Ghim. Phya., 1850, [ 3 ], 29 , 187 ; AnnaUn, 1860, 73, 191. 

8 Ehrenfeld, J. Armr. Ghem. Soc., 1895, 17, 381 ; Bull. Soc. cUm., 1895, [3], 14 , 919. 

^ Schiff, AnnaUn, 1861, 117, 94 ; 1879, 197, 185 ; Ehrenfeld, loc. cit. 

Granger, Gompl rewc?., 1905, 140 , 935. o i i: 

8 See Laurent, ibid., 1847, 2 $, 638; Ann. Ghim,. Phys., 1847, [3], 21, 64; Schaefer, 
Zeitsch. anorg. Ghem., 1904, 38, 142. 

’ Riche, Ann. Ghim. Phys., 1857, [3], 50, 16. 
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(ii) By heating the mineral under pressure with concentrated potash 
solution and lime, the tungstic acid being subsequently separated from 
the resulting solution by fractional precipitation A 

(iii) By fusion of the finely powdered mineral with alkali carbonates, 
sodium chloride, or calcium chloride. The residue is treated with 
water and then with nitric or hydrochloric acid to decompose any 
insoluble tungstates. The acid may be further purified by solution in 
ammonia and precipitation with dilute nitric acid,^ or hy means of 
chlorine.^ 

The white hydrate^ H 2 WO 4 .H 2 O, is produced by the decomposition 
of tungsten pentachloride, or the oxychlorides, in presence of moist 
air.^ 

Both hydrates on heating to 100 ° to 110 ° C. lose water and leave a 
residue of composition 2 WO 3 .H 2 O.S This does not appear to be a 
true hydrate; bn further heating, anhydrous WO3 is obtained, and the 
process of dehydration has been investigated by means of the Hiittig 
tensi-eudiometer, an instrument which is able to determine the pressure 
and volume of a gas liberated in any reaction at any moment.® The 
results indicate that between the dihydrate, WO 3 . 2 H 2 O, and the 
anhydrous com|)ound only one definite hydrate, WO 3 .TI 2 O, exists."^ 
These results are supported by X-ray examination, both hydrates 
exhibiting characteristic crystalline forms.® 

The yellow hydrate dissolves very slightly in water ; the specific 
conductivity of the saturated solution at 25° C. is ® ^=10*3x10*“®. 

Tungstic acid is insoluble in most acids, but dissolves slightly in 
hydrochloric acid and is readily soluble in hydrofluoric acid,^^ as is 
shown in the following table : 


Solvent. 

Temperature, 

° C. 

Grams WO 3 in 

100 Grams Solution. 

Hydrofluoric acid (40 per cent. HF) 

25 

44r75 

jj 5 ? 

50 

53*7 

tlydrochloric acid (38 per cent. HCl) 

50 

0-36 

J5 J? 55 

80 

0-75 


It is readily soluble in alkalies. 

Colloidal Tungstic Acid. — ^When dilute hydrochloric acid is added 
to a solution of sodium tungstate until the liquid becomes slightly acid, 

1 French Patent, 389040 (1908) ; J. Soc, Ghem. Ind., 1908, 27 , 939. 

2 U.S, Patent, 926084 (1909) ; J. Soc. Ghem. Ind., 1909, 28 , 794. 

^ Dumas, Ann. Chim. Phys., 1859, [3], 55 , 144. 

^ Eiclie, GUm. Phys., 1857, [3], 50 , 15; Forcher, J. praH. Ghem., 1862,86,408; 
Bull. Soc. chim., 1863, 5» 197. 

® Braun, J. prakt. Ghem., 1864, 91 , 396. 

6 Huttig, Zeitsch. anorg. Ghem., 1920, 140 , 161. 

’ Huttig and Kurre, ibid., 1922, 122 , 44. 

8 Burger, ibid., 1922, 12 1 , 240. 

« Wells, J. Amer. Ghem. Soc., 1907, 29 , 112. 

Mallet, Per., 1875, 8 , 831. ^ ^ 

Bernhardi-Grisson, Dissertation, Berlin, 1910 ; Eosenlieim and Bernhardi-Grisson, 
Vllth Inter. Congr. Appl. Ghem., 1911, Section X, p. 120. 
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a colloidal solution of tungstic acid is obtained {cf. p. 241).^ If the solution 
of sodium tungstate is concentrated, a white gelatinous precipitate is 
obtained on the addition of the acid. This precipitate, after washing 
by decantation at a low temperature ( 0 ° to 5 ° C.) with as little exposure 
to air as possible, ma^r be dissolved in a concentrated solution of oxalic 
acid and the liquid subjected to dialysis. If the outer water is 
repeatedly changed, the oxalic acid may be completely removed, 
leaving a colloidal solution of tungstic acid.^ 

The colloidal solution may also be prepared by dissolving tungsten 
tetrachloride in alcohol and ether (equal volumes) and then diluting 
•with alcohol and water.^ The solution obtained acts as a positive 
colloid and coagulates immediately when small quantities of neutral 
salts, hydroxides, or strong acids are added. On passing an electric 
current through the solution, a deep blue precipitate separates at the 
cathode. 

A hydrosol of tungsten hydroxide is readily produced by the elec- 
trolysis of a 2 per cent, solution of sodium tungstate between a mercury 
cathode and a silver anode in a Hildebrand cell. The solution must 
not be allowed to become acid, or blue compounds are produced. The 
hydrosols ol)tained in this way are clear and transparent but brown in 
colour. The addition of potassium chloride causes coagulation, a black 
powder, resembling the lower oxides of tungsten, being formed.® 

Colloidal solutions of tungstic acid, in presence of various organic 
reducing agents such as formaldehyde, sucrose, glucose, dextrin, etc., 
yield intensely blue solutions on exposure to light. If the solution is 
kept for some time, it does not undergo this reduction on being exposed 
to light ; l)ut on raising the temperature the blue reduction products 
are ol)tained. In order to account for this it has been suggested® that 
two forms of colloidal tungstic acid exist, one being photochemically 
sensitive and the otlier not. The former changes spontaneously into 
the latter, the reverse change being brought about by rise in tem- 
perature, and the absorption spectra of the two modifications differ 
considerably. 

The composition of the hydrosol has not been determined, but it is 
thought to consist of tungstic acid in combination with water, or possibly 
with sodium tungstate, since Sabaneeff obtained an amorphous powder, 
of composition Na 20 . 4 W 03 , from the dialysed solution. 

When the solution is evaporated to dryness, transparent vitreous 
scales remain, strongly adherent to the crucible ; on heating this residue 
to redness, the trioxicle WO 3 restilts. The aqueous solution has a bitter 
astringent taste ; its density at 19® C. is as follows : 

Per cent. WO 3 , 5 20 50 66-5 79*8 

Density, 1-0475 1-2168 1-8011 2-896 8-248. 

1 Graham, J. Glmn. 800 ., 1864, 17 , 318 ; Ann. Chim. Phys., 1864, [4], 3 , 128 ; Compt. 
remd.j 1864, 59 , 174; Bull. 80c. chim., 1864, 2 , 185; Sabaneeff, Zeitsch. anorg. Ghem., 
1897, 14 , 354 ; Pappadh, GazzeMa, 1902, 32 , [2], 22 ; Lottermoser, Verh. Oes. deut. Natur- 
forsch. Aerzte, 1910, ii., 70 ; Vasilieva, J. Russ. Phys. Ghem. Soc., 1912, 44 , 819 ; Zeitsch. 
wiss. Photochem., 1913, 12 , 1. 

2 Pappadh, he. cit. 

Muller, Zeitsch. Ghem. Ind. Kolloide, 1911, 8 , 93. 

^ MtUler, he. cit ; Wohler and Engels, Zeitsch. Bleldrochem., 1910, 16 , 693. 

« Kroger, Kolhid Zeitsch., 1922, 30 , 16. 

Vasilieva, he. cit 

^ Graham, he. cit 
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The gelatinisation of silicic acid is retarded by the presence of 
colloidal tungstic acid.^ 

Salts of Tungstic Acid. 

Tungstic acid resembles molybdic acid in that it reacts with bases 
to form many different types of salts. A satisfactory classification of 
these salts has long been, and still is, a matter of difficulty, owing to 
the fact that many of the compounds are only described by individual 
investigators, whose work is either insufficient in detail or has lacked 
confirmation by later workers. The existence of the di- and tri- 
tungstates prepared by Lefort ^ has not been established.^ Laurent, 
in 1847 ,^ suggested that there were at least five distinct acids (combina- 
tions of tungstic anhydride with water in different proportions) with 
corresponding series of salts, and although the preparation and pro- 
perties of all these acids have been described,^ it is now recognised, 
largely owing to the work of Riche, Scheibler, and Marignac, that only 
two different acids are definitely known to exist, namely, ordinary 
tungstic acid, H2WO4, and metatungstic acid, H2W40i3.aq. (seep. 236 ). 
The former is insoluble in water and reacts with bases to form normal 
di“, tri-, and para-tungstates ; the latter is soluble in water and yields 
a well-defined series of salts, the metatungstates. 

This division into only two groups is justified by the fact that the 
metatungstates show marked difierences both in properties and in ionic 
reactivity from those of the ordinary normal and acid tungstates, whilst 
the latter are very similar in their reactions. The transformation of 
normal tungstates into ordinary acid tungstates takes place readily, 
whereas the formation of metatungstates — by the addition of tungstic 
acid or other acids to tungstates — stakes place only slowly and incom- 
pletely at ordinary temperatures. Further differences between the 
two types of salts are found in the peculiar behaviour of metatungstates 
on dehydration (see p. 234 ), and in the fact that whilst normal and para- 
tungstates increase the specific rotatory power of tartaric acid, the 
metatungstates do not act in this way.® 

Of the numerous types of salts of ordinary tungstic acid only two 
(the normal, of composition R20.W03.iijH20, and the so-called para- 
tungstates in which the ratio RgO : W03=3 : 7 or 5 : 12 ) have been 
accurately investigated and their existence established beyond doubt. 
The readiness with which one type of salt is transformed into another, 
and the fact that paratungstates decompose on prolonged contact with 
water or on heating, make exact analysis almost impossible ; and an 
added difficulty lies in the high atomic weight of tungsten, the difference 
in composition of various compounds with high tungsten content being 
very small. It is from such causes that, although the paratungstates 
are recognised as a well-defined series of salts, their actual constitution 

1 Graham, J. Chem. Soc,, 1864, 17, 318 ; Kroger, Kolloid Zeitsch., 1922, 30, 16. 

2 Lefort, Compt. rend., 1878, 87, 748 ; 1879, 88, 798 ; Ann. Chim. Phys., 1878, [6], 15, 
321 ; 1879, [5], 17, 470. 

^ Kantschew, J. Russ. Phys. Ghem. Soc., 1914, 46, 729. 

^ Laurent, Ann. Chim. Phys., 1847, [3], 21, 64 ; Compt. rend., 1847, 25, 538. 

s Laurent, he. cit. ; Hallopeau, Compt. rend., 1895, 121, 61 ; Ann. Chim. Phys., 1900, 
[7], 19, 136 ; Gerber, Mon. scient., 1917, [5], 7, 73, 121, 169, 219 ; see Barbe, ibid., 1919, 
[6], 9, i., 73. 

® Rosenheim and Itzig, Ber., 1900, 33, 707. 
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and relation to the normal tungstates remains iinestablished (see below). 
I iirther, the higher acid salts such as hexa- and octa~tungstates appear 
to show a closer relation to meta-tungstates than to ordinary tungstates, 
blit the nature of this has not been determined. According to Smith, ^ 
tungstates of the type -iRgO.lOWOs.aTTgO constitute another very 
definite series of salts. 

The normal tungstates of the alkali metals are usually obtained 
by fusing together tungstic anhydride and the alkali hydroxide or car- 
bonate in equivalent proportions. Those of the heavier metals are pro- 
duced either by double decomposition in solution, or by fusing together 
an alkali tungstate and the chloride of the metal, ^ often in the presence 
of sodium cliloride. The tungstates of the alkali metals and of mag- 
nesium are soluble in water, those of other metals being insoluble, or 
only slightly soluble, not only in water but also in dilute acids. Con- 
centrated mineral acids (except phosphoric acid) decompose them, with 
separation of tungstic acid. In this reaction the paratungstates behave 
similarly, whereas the metatungstates are not decomposed. 

Solutions of tungstates containing ammonium sulphide yield with 
liydroehloric acid a brown ])recipitate of tungsten trisulphide. The 
addition of zinc chloride to a tungstate solution produces a yellow pre- 
cipitate wiiicli becomes blue on warming with dilute hydrochloric or 
sulphuric acid. When excess of hydrochloric acid is added to a solu- 
tion of alkali tungstate and the mixture reduced by means of zinc, 
brilliant colours, from red to blue, are produced ; ^ if phosphoric acid 
is used, a fine blue precipitate results. 

The paratungstates are generally obtained by treating solutions 
of alkali normal tungstates with, acid, or by double decomposition. 
Tliey can only be obtained from solutions, and always contain water 
which appears cssemtiai to their constitution ; it can only be removed 
with dilliculty, strong heating being necessary for complete dehydration, 
which is a(*(*om[)a,nied by deeomposition of the salt into the soluble 
normal salt and tlu‘ insoluble tetratungstate. From an investigation ^ 
of the dehydration of the sodium and potassium salts the ibllowing 
results wc‘rc' obtained : 


''l''eiup(‘ratiir(‘, 0. 

Water remaining after heating at f C. 


Kio Wi.Oii.llHaO. 

Na,„ \V,30 ,i.28H,0. 

110 

5*0 molecules 

5-4 molecules 

150 

4() 

4-4 

200 

21. 

2-4 

250 

1-4 

1-4 


"fhe (‘ontent of base to acid in paratungstates was first given by 

Laurent ■’'* as 5R.fi : I2VVO3, whilst Lotz « and Scheibler ’’ suggested 


^ Smith, ./. Amrr. (^hc.rn. Soc,, 1922, 44 , 2027. 

^ JVlanroHH, Anvalvn, lSr)2, 8 i, 243; Geutlier and Forsberg, -ma., 
Bull Soc. rfiivi., 18()2, 4 , Uib ; Scihultze, Annalen, 1863, 126 , 56. 

Mallei,, Ohom. /SV>c., 1875, 23 , 1228. 

^ Copaux, rovd, 1913, 156 , 1771. 

® Laurent, /oo. ei/. 

« Lotz, Annahn, 185-1, 91 , 49 ; Ann. CUm. Phys., 1855, [3J, 43, 
Scluublcr, «/. prakt. Chc.ni., 1860, 80 , 204 ; 1861, 83 , 273. 

VOL. VIL : III. 


1861, 120 , 270; 


14 
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the formula Marignac,^ after careful analysis, con- 

cluded that most paratungstates contained 5R2O : I2WO3, but that a 
few contained SRgO : 7WO3. Other investigators,^ for reasons men- 
tioned above, were unable to decide between the two formulae. Copaux, 
from the behaviour of the salts towards dehydration, considered them 
to be hydrotungstates and gave them the co-ordinative formula 
R*5[H(W207)3].aq. In support of this he points to the fact that the 
paratungstates resemble the complex tungstates in absorbing ultra- 
violet light, whereas normal tungstates do not do so. Rosenheim ^ 
suggests that they are 6-tungsto-aquates of composition 
R 5 H,[H 2 (W 04 )e]aq. 

Such formulation suggests a closer relation to the metatungstates 
than appears to be justified, and would not account for the very essential 
differences between the two types of compounds. 

Paratungstates gradually decompose in aqueous solution with 
formation of the normal and metatungstates, so that while a freshly 
prepared solution is neutral to phenol phthalein, it gradually becomes 
acid on standing — more rapidly on boiling.^ For this reason the 
electrical conductivities of the solutions slowly increase at ordinary 
temperatures.^ 

According to Hallopeau ® the free paratungstic acid is formed in 
dilute solution when the barium salt is treated wdth dilute sulphuric 
acid. Concentration of the solution, even in vacuo, causes decomposi- 
tion, and on prolonged boiling, metatungstic acid is formed. Alkalies 
neutralise the solution, yielding paratungstates. There is, however, no 
proof that this solution contains any special modification of tungstic 
acid. 

In the following pages a description is given of the individual normal 
and acid salts of tungstic acid, including the paratungstates. 

Aluminium Tungstates. — The normal salt, Al2(W04)3.8H20, or 
Al2O3.3WO3.8H2O, is obtained ’ as a voluminous white precipitate 
when solutions of alum and normal sodium tungstate are mixed. ^ It 
is slightly soluble in water (1 in 1500 ). Sodium ditungstate with a 
concentrated solution of alum yields the acid salt, Al2O3.4WO3.9H2O, 
soluble in 400 parts of water at 15 ° C. Another acid salt, AlgOg. 
5WO3.6H2O, is formed by the addition of aluminium acetate to sodium 
tritungstate.® It is soluble in water, but is obtained as a white pre- 
cipitate, which thickens to the consistency of honey, by the addition 
of alcohol. 

Aluminium paratungstate, Al2O3.7WO3.9H2O, is obtained by pre- 
cipitating a solution of ammonium paratungstate with an aluminium 
salt.^® 

By boiling a mixture of aluminium hydroxide and aqueous 

1 Marignac, Ann. Chim. Phys., 1863, [3], 69 , 5 ; Co 7 npL rend., 1862, 55 , 888 . 

2 von Knorre, Ber., 1886, 19 , 821 ; Gonzalez, J. prakt. Ckem., 1887, [2], 36 , 44. 

^ Rosenheim, Zeitsch. anorg. Chem., 1916, 96 , 139. 

^ von Knorre, Ber., 1885, 18 , 2362. 

5 Wells, J. Amer. Chem. 80 c., 1907, 29 , 112. 

« Hallopeau,* rend., 1895, 121 , 61 ; Ann. Chim. PJiys., 1900, [7], 19 , 135. 

7 Lefort, Compt. rend., 1878, 87 , 748 ; Ann. Chim. Phys., 1878, [5], 15 , 321 ; Anthon, 
J. prakt. Chem., 1836, 9 , 341. 

® See also Bernoulli, Pogg. Annalen, 1860, iii, 576. 

9 Lefort, Compt. rend., 1879, 88 , 798 ; Ann. Chim. Phys., 1879, [5], 17 , 470. 

10 Lotz, Annalen, 1854, 91 , 49. 
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ammonmm paratinigstate, a complex salt, ammonium aluminotimgstate, 
'^(^114)20. AI2O3.9WO3.4IT2O, is obtained ^ as a highly refractive syrup 
which on drying leaves a semi-transparent mass. Other alumino- 
tungstates containing the same ratio, AI2O3 : 9WO3, have also teen 
prepared,^ viz. : 

8Ba0.Al203.9W03.7H,0 ; 

2Cu0.Al203.9W03.16iH20 ; 

5IIg,O.Al203*^^W03 f 

]^Zn0.AL/)3.9W03.8H20 ; and ZnO.AL>O3.9WO3.20HoO ; 

llAg20.21 (NH4)20.4Al203.36W03. 

The following complex tungstates containing aluminium have been 
deserit)ed : 

Ahimino-phospliotungstates, 

9(NIl4)2b.2Al203.4Po05.9W03.13H^ ; 

4Ba0.2AL>03.4P205.9W03.3H20 ; 
4Ag20.2Al.,63.4P205.9W03.6ll20 ; 
5Zn0.2Al203.4P205.9W03.11Il20. 

Alu m i n o -ar s e n o 1 1 1 ngs tates , 

()(Nll4)20.2Al203.3As205.18W03.14H.0 ; 
4lia0.2Al203.3As205.18W03.12H20 ; 
4Cd0.2Al203.3As205.18W03.17ll20. 

Alu rnino-anti 1 noniotungstates, 

()(NH4)20.2AU03.3Sb.03.18W03.17HoO ; 
5Ba0.2Al203.3Sb205.18W03.6ll20 ; 
6Ag20.2Al263.3Sb205.18W63.12H20. 

Ammonium Tungstates. — The normal salt cannot be obtained 
by dissolving tungstic acid in aqueous ammonia, since on concentration 
ammonia is lost and an acid salt remains. That the normal tungstate 
is '|)rcsent in solution would appear evident from the fact that calcium 
chloride ])reci])itatcs the normal calcium tungstate. It may be obtained 
as a white mass by the addition of hydrated tungstic acid to liquid 
a-mmonia.'* The normal tungstate is very soluble in water and readily 
loses ammonia. 

The (wid tungstate, 2(NIl4)20.3W03.3H20, sometimes crystallises 
from a very concentrated neutral solution of tungstic acid in ammonia, 
which, liowever, more often yields the paratungstate.^ The crystals, 
wlvicli arc^ warty and indistinct, give off ammonia in contact with the 
air, Ic^aving thc^ paratungstate. 

yimmonium paratungstate, 5(NH4).20.12W03.11H20, is the product 
most frequently obtained by the interaction of tungstic acid and 
ammonia * for ‘example, when tungstic acid is dissolved in aqueous 
ammonia, or when ammonia is added to a solution of ammonium meta- 
tungstate, on concentration of the resulting solution the paratungstate 
crystallises out. It is dimorphous^ and yields both acicular needles 
and laminated plates. The former are the more stable and are pseudo- 


1 Balke and Smith, J. Amer. Ghem. Soc., 1903, 25 , 1229. 

2 Daniels, ibid., 1908, 30 , 1846. 

^ Rosenheim and Jacobsohn, Zeitach. anorg. Ghem., 1906, 50 * 297. 

^ Marignac, Conipt. rend., 1862, S5» 5 Ann. Chim. Phys., 1863, [3], 69 , 5. 

® Laurent, Arm. Ghim. Phys., 1847, [3], 21 , 54; Comp, rend., 1847, 25 , 538. 
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rhombic (a : h : c=0-7995 : 1 : 0-4582).^ The plates are triclinic 
pinacoidal, a : b : c=0-9785 : 1 : 1-2154 ; a = 65° 47', j3 = 117‘^ 83', 
y==119° 2'. 2 Both forms are stable at ordinary temperatures, but 
when heated, begin to lose ammonia at 60^^ C. ; at 100° C. lose 7 mole- 
cules of water ; ^ and at 250° C. yield the glass-like colloidal tungstate 
(see below). If the crystals are heated in contact with dry ammonia, 
they lose water and absorb ammonia.^ When boiled in aqueous solu- 
tion for several days, the metatungstate is formed. 

This salt was regarded by Berzelius and Anthon as the ditung- 
state ; Lotz and Scheibler formulated it as 3(NH4)20.7W03.6Tl20, but 
the formula given above is due to Marignac. Rosenheim ^ suggests 

(NH4)ioH4[H4(W04)e(W207)3].7H20, 

The hydrate, 5(NH4)20.12W03.5H20 or 3(NH4)20.7W03.8H20, is 
obtained by evaporation of a solution of ammonium paratungstate at 
temperatures near the boiling-point.® It yields small, glistening, 
monoclinic prisms, 

a : b : c = l-0442 : 1 : 0-7871 ; /3 = 109° 50'. 

On heating at 100° C. it loses 2 molecules of water. The electrical 
conductivity of solutions of this salt has been investigated.’^ At 25° C. 
the equivalent conductivity of a N/128 solution increased from 95-1 to 
109*0 reciprocal ohms in six days. The rate of increase was greater 
when the temperature was raised and was complete in about three 
liours at 80° C. The following table shows the equivalent conductivities 
at 25° C. of solutions containing yV of a molecular weight in v litres, 
(a) when freshly made, (5) after heating at 80° C. for three hours and 
then allowing to cool : 



v = 

82 

64 

128 

256 

512 

1024 

(«) 

A = 

62-0 

71-7 

88-7 

98-8 

108-9 

120-2 

(&) 

A = 

102 

112 

121 

181 

189 

148. 


A hydrate, 5(NH4)20.12W03.6H20, has been obtained ® by the 
addition of acetic acid to a solution of ammonium tungstate. 

The acid salt, 2(NH4)20.5W03.5H20, is produced by cooling a hot 
saturated solution of ammonium paratungstate, when it separates ® in 
small octahedral plates with crystallographic elements : 

a : b : c = l-1204 : 1 : 1-7190; a=105° 46', ^=95° 17', y=90° 1'. 

It dissolves in 26 to 29 parts of water. On heating at 100° C. it loses 
about seven-tenths of its water of crystallisation. 

The octatungstate, 3(NH4)20.8W03.8H20, is sometimes obtained 
when a solution of the preceding salt is allowed to crystallise ; but 

^ Elerndt, J. praU. Chem., 1847, 41, 190 ; Sctabus, Best. d. Kristallgestalten, Wien, 
1855 ; Groth, Ohemische KHstalhgraphie, 1908, ii., 615. 

Marignac, Compt. rend., 1862, 55, 888; Ann. GMm. Phys., 1863, [3] 69, 5. 

Liotz, Annale 7 i, 1854, 91, 49 ; Marignac, loc. cit. ; Rosenheim, Zeitsch. anorg. Chem., 
1916, 96, 139; Taylor (J. Amer. Chem. 80 c., 1902. 24, 629) gives loss at 100° C. of 6 
mols. H2O. 

^ Taylor, loc. cit. ® Rosenheim, loc. cit. 

® Marignac, loc. cit. ; Lotz, loc. cit. ; Scheibler, J. prakt. Chem., 1860, 80, 204 ; 1861, 83, 
273 ; Taylor, loc. cit. 

Wells, J. A^mr. Che^n. 8 oc., 1907,29, 112. 

® Gibbs, Amer. Chem. J., 1880, i, 1, 217. ^ Marignac, loc. cit. 

Groth, Chemische Krystallographie, 1908, ii., 611. 

Marignac, loc. cit. ; Laurent, Compt. rend., 1847, 25, 538; Ann. Ohim. Phys., 1847, 
[3], 21, 54. 
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from a hot solutiou, the triliydratc;, ‘2(NII.j)./).5\V0,,.3ll20, has been 

obtiiiuecl. * 

A colloidal tuno'stat of e(>ni|)ositi,oii (NII,JA).()\V().j. I< or CALX), 
r(‘sults as a, vitrc'ous mass wluai a.mmoiiiiiin j)arar or mc‘l.a-tuMo'stalc is 
lu‘a,lr(l to 250 ' Cr It is miscible with wa;ter in all proportions and 
absorbs ammonia, readily, thus rc^vcvrtino* to tlie m(,‘ta.-salt. 

'rh(‘ rollovvini»' doubl(‘ aiianoaiuni sodiani liav'’e l)ecn |)re- 

pared : :i(NII ,)o().;5NaA),IOW(),.22nA) ; ] (HNIl l-Na,().5()\V(),. 
5()IL/); ‘ 

Tlu‘ compound, \\’().j.:5NIlj5, probably ainnioaiuin iiriudytun^sfalc, 
NH : \\ ()((). Nn i)o, is obta,inc‘dd» by heabini*' the ()xyehlori(le, WOoCh, 
with li(juid ammonia, muhn* pr(‘ssure. 

A tuni>'stat(‘ of lajdnhviilaniiac. I-NH J)I r.;AV().j.;tn./l is prodmaal 
wlum h>nlroxylaniin(‘ hydrochloride is a.dded to a, solution of sodium 
tun<j»'st;it(‘ ; it a|)ptairs as a. whit(‘ |)r(‘(‘ij)ita,t(‘ which, turns pa,lc5 y(‘llow 
on dryini*’.^ 

Hjjdnhviflaonitc (uiunoaliini fuai^.sfafc, NlI,i().VV()i.NH,,, is |)rei)ared 
l)y inaitini^ Ihu'iy' |)owd<‘r(‘d sodium |>a,ra,tunn'sta,t(‘ witli an a,(|ueous 
solution ol hydroxylamim* hydro(‘hlorid(‘, and tlum dissolving* tlie pro- 
duct in 15 ptn* c(‘nl. ammonia,. It crystallist^s in bhuhc ta.blcts on 
evaporatin.!4‘ the solulion ov(‘r |)ota,ssium hydroxide. It is a strong 
redue(‘r, and iminediat(*ly rcduc(‘s ammoniaeaJ siUnr nitrate and 
Fehling’s sohition. 

The ibllowing aani(oai(olaii<fstafcs have Ikhui described : 

AgoWOj. |.NIbj (see p. 225); 

('uW()i.2Nll,JI.();^> 

(/uWOj. tNIhi; 

( u().l.\V(),.()'Nn,.snn(); 

ZnWOl. iNn,.;]!!,!).**** 

Antirnony Tunjislatesd * 'riie //nr////// salt appears to be rorined 
on mixing solutions of normal sodium tungstati' and tartar-emetic a,s a 
whitr pre<apifut(‘ \vhi(*h is deeompos<sl by wa.shini»’ with water. Tlie 
acid sail, Sb2C);j.5\\’();j. l'H.,(), is rornKsl as a. yc'llow |)reeipita.t(‘ on inixiug 
solutions of sodium dil ungstatt* and ta,rta,rn‘m(‘(.ie in j>res(mee of alcohol ; 
it dissolves r<*adily in wat<*r without deeomj)osition. Another acid 
salt, Sl).j( ).j.U\\'0.j.SH.,( ), is obtaimal as a. whiter |)r(a’ij)ita,t(‘ by treating 
a solulion ofsoditim trilungslate in a similar manutu*. 

Barium Tunj:>s(ates. din* anhydrous aonnol salt, IhiVVO^, may 
be obi aim'd by I'using logetlua’ sodium tungsta.t.(X sodium ehloridtx 
and l)ariuni chloride. It erystaltis<‘s in eol<,mrh,‘ss oet.aJu'dra tetragonal 

* Piiii«|.e’h )i(iti(ua hmu*, niui. 

'tnylof, J. .Inur. XVir., iaa2, 24, (I21t 

'* rtalln|M au. .1////, Idoj'S., tlKM), I?], X9, 0(>. 

llibtp;, ISHU, 1, 1, 217. 

^ (Itlflr, isax. r/. IHI. 

** .111*1 JaciilbGilm, Ziitsvk, nnnrtj, ItHKi, 50, 21)7, 

Allen and ( ;<»( t..»'iiall., Ano i\ ('ht tn. «/., itH)2, 27 » 228. 

** Ilttlnianu aiul Knhlsriitittnr, Zritsrh, ananj. (Jhc.nh.t 1828, l6, 482. 

“ Sehill', An/mh)), lsC)2, 123, 22. 

i«» , Ti'air:, C/um. 1 204, 85 , 272. 

tadnj't, Cos/ipt. nHtl., IS72, 88, 728; (Jhini. 1872, |r>|, I7> *170. 

(JetiduT Kmvdjeig, Annakn, 1801, 120 , 270; Znltunw, Pogg* Ammkii, 1807, 
130, 10, 241. 
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bipyramidal ; a : c=l : 1 * 6046 ,^ of density, according to Zambonini,^ 
6*35. It is only slightly soluble in -water. On heating, it first fuses 
and at high temperatures glows brightly.^ 

Various hydrates have been described. When a solution of barium 
metatungstate or metatungstic acid is treated with barium hydroxide 
solution a white gelatinous precipitate is formed which slowly becomes 
crystalline. According to Pechard,^ the gelatinous precipitate has the com- 
position BaW04.2H20, whilst the crystalline precipitate is BaW04.Il20. 
A precipitate, of composition BaW04.2 -51-120, is obtained ^ by adding 
barium chloride to a solution of sodium paratungstate containing acetic 
acid. If barium hydroxide solution is added to a boiling solution of sodium 
paratungstate until the precipitate no longer redissolves, and the liquid is 
then allowed to cool, a double salt of sodium and barium (see below) 
separates ; on adding excess of barium hydroxide solution to the mother- 
liquor a white crystalline precipitate of the pure subhydrated normal 
tungstate, 2BaW04.H20, is obtained.^ 

Barium tungstate has been recommended for use instead of white 
lead ’ and for colouring porcelain.® 

Barium ditungstate ^ Ba0.2W03.I"l20, is obtained according to Lefort ® 
by double decomposition from solutions of sodium ditungstate and 
barium acetate, as a white amorphous precipitate, slightly soluble in 
water. The existence of this compound has been disputed.-^® 

Barium paratungstate, OBaO.TWOg.ccIIgOj precipitated on adding 
excess of a barium salt to a solution of an alkali paratungstate. When 
dried in the air the salt contains I6H2O ; dried over sulphuric acid, 
8H2O ; dried at 100° C., 41120 .^^ The double salt, 3Na20.2Ba0.12W03. 
24H2O, or 2 Na 20 .Ba 0 . 7 W 03 . 14 H 20 , separates when excess of barium 
hydroxide solution is added to a boiling solution of sodium paratungstate 
and the mixture is allowed to cool.® 

The acid salt, 4BaO.10WO3.22H2O, is obtained as a white insoluble 
granular powder when barium chloride is added to a boiling aqueous 
solution of the corresponding sodium salt.^^ 

Barium tritmigstate, Ba0.8W03.6ll20, is obtained as a white amor- 
phous precipitate by the addition of cold water to barium meta- 
tungstate ; ® a similar precipitate is obtained on mixing solutions of 
barium acetate and sodium tritungstate, which on drying at 100° C. 
gives a product of composition BaO.3WO3.4H2O. It dissolves in 300 
parts of water at 15 ° C. Boiling water decomposes it with formation 
of the insoluble ditungstate and the soluble metatungstate. 

An acid tungstate, of composition BaO.8WO3.8H2O, is described by 

1 Groth, Chemische Krystallographie, 1908, iL, 395. 

^ Zambonini, Zeitsch. Krijst. Min., 1895, 41 , 53; but Clarke and Davis {Amer. J. Sci., 
1877, [ 3 ], 14 , 281) give a density of 5-00 at 13-5° C. and 5*04 at 15° C. 

^ Weiss, Martin, and Stimmelmayr, Zeitsch. anorg. Chem., 1910, 65 , 279. 

^ Bdchard, Compt. rend., 1889, 108 , 1167. 

s Zettnow, Pogg. Annalen, 1867, 130 , 16, 241. See also Anthon, J. prakt. Chem., 1836, 
9 , 341 ; Lefort, Ann. Chim. Phys., 1878, [5], 15 , 321 ; Smith and Bradbury, Ber., 1892, 24 , 
2930 ; Bull. 80 c. chim., 1891, [3], 8 , 279. 

® Scheibler, J. prakt. Chem., 1860, 80 , 204 ; 1861, 83 , 273. 

Sohoen, J. 80 c. Chem. Ind., 1900, X 9 , 740 ; Saco, Compt. rend., 1869, 68 , 315. 

® Granger, Compt. rend., 1893, 116 , 106. ® Lefort, he. cit. 

Kantschew, J, Buss. Phys. Chem. 80 c., 1914, 46 , 729. 

Lotz, Annalen, 1854:, 91 , 49 ; von Knorre, Ber., 1885, 18 , 326, 2362. 

Smith, J. Amer. Chem. 80 c., 1922, 44 , 2027. 

Lefort, Ann. Chim. Phys., 1879, [5], 17 , 470. 
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Zettiiow,^ who obtained it by the addition of hydrochloric acid and 
bariuni chloiide to a solution of sodium paratungstate which contained 
sufiicient phosphoric acid to prevent precipitation by hydrochloric acid 
alone ; according to Scheibler the precipitate so formed is not of 
definite composition . 

Complex beryllium tungstates corresponding with the formulae: 
tid:leCl 2 .?yBeW 04 .sEe 0 and ii’Be(N 03 ) 2 . 2 /BeW 04 . 2 ;Be 0 , have been pre- 
pared.^ 

Normal Bismuth Tungstate, BigCWO^lg, is dimorphous,^ crystal- 
lising in (1) the monoclinic system, 

a : b : c=l-006 : 1 : 1-520, ^==90° 34', 
and (2) the tetragonal system, 


a : c = l : 1-566. 

Tlie monoclinic crystals have density 8-24 at 7*5° C. and melt at 

The bismuth salt, Bi 203 . 6 W 03 . 8 H 20 ,^ is obtained as a white pre- 
cipitate on mixing solutions of bismuth acetate and sodium tritungstate 
in presence of alcohol. 

Cadmium Tungstates.— The anhydrous normal salt, CdW 04 , 
remains as colourless crystals when a mixture containing sodium 
tungstate (4 parts), sodium chloride (16 parts), and cadmium chloride 
(11 parts) is heated to complete fusion and allowed to cool.® The 
hydrate, CdVV 04 . 2 H 20 , is formed by double decomposition.^ 

iUidinium paratungstate, 3Cd0.7W03.16ll20, is obtained, accord- 
ing to Gonzalez,^ as a white crystalline precipitate on mixing hot 
solutions of an alkali ])aratungstate and a cadmium salt. The 
crystals are infusilile and become orange coloured after heating. 
L()tz,*‘ using aoinionium paratungstate, obtained the double salt, 
12Cki().3(NH4 whilst from solutions containing 

molecular proportions of sodium paratungstate and cadmium sulphate 
at SO'' (1. von Knorre obtained white crystals of composition 
2Cd().Na20.7VV()3.18H2C). 

The tritiDigstate, CdO. 3 WO 3 . 4 H 2 O, is obtained as a white trans- 
luccuit gummy mass by mixing solutions of cadmium acetate and 
sodium tritungstatc, ancl drying at 100 ° C.^ 

Calcium Tungstates.— The normal tungstate, CaW 04 , occurs 
native as seheelUe (see p. 182). It may be obtained by fusing together 
sodium tungstate and anhydrous calcium chloride, either with or without 
the addition of common salt ,* the resulting crystals are similar in 
form to scluxilite, that is, tetragonal bipyramidal, a : c=l : 1-5356, 

^ Zctiiiow, lac., c.it. 

^ Taiiata aud Karowski, J, Buss, Phys. Ghem, Soc,, 1909, 41, 813. 

** Zanibt)niiii, Oazzatta, 1920, 50, ii., 128. 

^ 'thd HyHtciu ,Bi2(W04)3— PbWOi has been investigated thermally by Zambonini, 

he, c.it. 

J^ofort, Compt. rend, 1878, 87, 748 ; 1879, 88, 798. 

“ (Jcuther and F()rHborg^ AnnaUn, 1861, 120, 270 ; Zettnow, he. cit. 

’ Autbon, he. cit. ; 8mitli and Bradbury, he. cit. 

® (ionzaloz, J. prakt. Ohem., 1887, [2], 36, 44. 

® Lot/., Annalen, 1854, 91, 49. 

von Knorre, Ber., 1886, 19, 819. 

MaiuvsH, Annalen, 1852, 81, 243 ; Michel, Bull. Soc. min. de France, 1879, 2, 142. 
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and of density 6-06 to 6-08.^ The amorphous form is readily obtained 
by mixing solutions of a calcium salt and sodium tungstate. The pre- 
cipitated calcium tungstate is converted to the crystalline variety by 
fusion with sodium chloride,^ or by heating with lime in a current of 
hydrogen chloride.^ This salt is used for preparing the phosphorescent 
screens used in experiments with Rontgen rays. 

Calcium clitungstate in the anhydrous state was supposed by Lefort 
to result from the double decomposition of sodium ditungstate and 
calcium acetate, whilst concentration of the mother-liquor yielded 
crystals presumed to be the trihydrate. However, the existence of 
these compounds is not established^ since the products obtained vary in 
composition. 

Calcium •paratungstate, SCaO.TWOa.lSlIgO, is prepared in a similar 
manner to the corresponding barium salt. The salt sometimes contains 
lOHgO. It is more soluble than the barium and strontium para- 
tungstates/ and may be heated to redness without melting. The double 
salt, 3 Na. 20 . 2 Ca 0 . 12 W 03 . 34 H 20 , is obtained ® by adding lime-water 
or a solution of a calcium salt in excess to a boiling solution of sodium 
paratungstate, and allowing to cool. White crystals separate, which, 
when heated, fuse, and on cooling set to a black mass. 

The salt, 4CaO.10WO2.25lT2O, is obtained in a similar manner to the 
corresponding barium salt."^ It is a white, inlusible, granular powder. 

Calcium tritungstate, Ca 0 . 3 W 03 . 6 .H 20 , is obtained by mixing con- 
centrated solutions of sodium tritungstate and calcium acetate, or 
calcium chloride (Lefort). The precipitate is decomposed by hot water 
into the di- and meta-tungstates. 

Cerium Tungstate,® Ce 2 (W 04 ) 3 , is obtained by mixing solutions 
of cerium sulphate and sodium tungstate and igniting the pale yellow 
precipitate produced. It yields crystals of density 6-514 at 12 ° C., 
with specific heat 0-0821 ® and melting-point 1089° It is also formed 
by adding cerium dioxide to fused sodium paratungstate and remains 
after washing with water. 

The double tungstate, 4 Na 2 O.Ce 2 O 3 . 7 WO 3 or Na 8 Ce 2 (W 04 ) 7 , has 
been prepared by dissolving a mixture of cerium dioxide and tung- 
sten trioxide in a fused mixture of sodium chloride and sodium tung- 
state, excess of the latter being present. An ammonium ceritungstate, 
2 (NIl 4 ) 20 .Ce 203 . 16 W 03 . 2 H 20 , is obtained as a red transparent glass 
insoluble in water, when cerium hydroxide is boiled for eight hours with 
a solution of ammonium paratungstate, the mixture filtered, and the 
filtrate evaporated to dryness. 

Yellow and red crystalline chlorotungstates have been produced by 
fusion of sodium tungstate and cerium chloride mixtures ; and by 
the action of hydrogen chloride on tungsten and cerium dioxides. 

^ Manross, A^malen, 1852, 81, 243 ; Zambonini, Gazzetta, 1920, 50, ii., 128. 

^ Cossa, Ber.f 1879, 12 , 683. ^ Debray, Compt. rend., 1862, 55, 287. 

^ Kantschew, J. Buss. Phys. Ohem. Soc., 1914, 46, 729. 

® von Knorre, Ber., 1885, 18, 326. « Gonzalez, J. prakt. Chem., 1887, [2], 36, 44. 

’ Smith, J. Amer. Chem. Soc., 1922, 44, 2027. 

8 For a general account of the rare earth tungstates, see this series, Vol. IV., p. 265 

® Cossa and Zecchini, Gazzetta, 1880, 10, 225 ; Ber., 1880, 13, 1861. 

Zambonini, Atti B. Accad. Lincei, 1913, [5], 22, i., 519. 

Didier, Com,pt. rend., 1886, 102, 823. 

Hogbom, Bull. Soc. chim., 1884, 42, 2. 

^8 Rogers and Smith, J. Amer. Chem. Soc., 1904, 26, 1474. 
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Chromium Tungstates. ^^The pmritungstate, Cr2O3.7WO3.H2O, is 
prepared by mixiiig solutions of ammonium paratungstate and chromic 
chloride, and drying at 100° C. the resulting greyish-green precipitate ; ^ 
or by treating a cold solution of sodium paratungstate with violet 
chromic chloride.^ The green chromic chloride produces a basic 
salt. The fbllowina' compounds have been described : Cr.0..5W0., ^ 


Cr2O3.4WO3.6H2O, Cr2O3.3WO3.3H2O, CraOj. 

para- 


Cr203..5W03..5H20, _ „ „ 

2WO3. 51120,^ but these appear to be either identical with the 
trrngstate, or mixtures of the para- and meta-salts. ^ 

Cobalt Tungstates. — The anhydrous normal salt, C0WO4, is 
obtained as greenish-black cry.stals by fusing together sodium tungstate, 
sodium chloride, and cobalt chloride.® The hydrate, C0WO4.2H2O, 
results as a violet precipitate when a solution of alkali tungstate is 
treated with a solution of a cobalt salt.'^ 


CobuU cmirngNtate, Co0.2W03.3H20,^ is obtained as a reddish-brown 
precipitate by double decomposition. 

Cobalt ‘paratungstate, 3C0O.7WO3.25H2O, is formed as a bright rose- 
coloured microcrystallinc precipitate on mixing solutions of sodium 
paratungstate and a cobalt salt.® It does not inelt at a red heat, but 
on cooling it acquires a bluish tinge. The double salt. 3Na„0.2CoO. 
12W03.3()H20, is prepared in the same way as the corresponding double 
salt oJ calcium. It lorms rose-coloured crystals which melt at red 
heat and solidily, on cooling, to a black lustrous mass. Double salts, 
of com])osilion 2Na20.3Co0.12W03.4lH20 and Na20.4Co0.12W03. 
2.3H2(), have been ))rej)arcd by Rosenheim,® wlio suggests for them the 
formuhe Na^Co;,!!,,,! H2(W04)3|2.34H20 and NaCo2H5|H2(W04)3|.16H,0, 
rcsi)eGtivcly. 

The salt, •tCoO.lOWOg.ij.^.HgO, is obtained as a pink granular powder 
tlic mctliod used for tlie corres])onding barium salt.^° 

Cobalt tritimgstate, Ck)0.3W03.4n20, is described by Lefort. 
lAdeocobaMcp^^ Co(N.H3)3F3.2W02F2 (see p. 194). 

Copper Tungstates . ^ — Basic copper tungstates are found native as 
cup'wtuiigsM^^ wliile the mineral cwproseJieelite contains a copper 
calcium brngstatc (see p. 182). By liising together sodium tungstate, 
sodium chloi-ide, and cu])ric chloride, light green octahedral crystals 
are obtaine(l which ])roba,bly consist of basic co])])cr tungstate. The 
noraial c‘U])rie tuiigstat<.‘, CuWO,i.2ll20, is precipitated by the addition 
of a cupric salt to a. normal tungstate solution. It is* a light green 
powder whi(‘h bc^conies lyrownish on heating, with loss of water, and 
linally m(‘lts, yi(‘lding a, crystalline mass on cooling. It is insoluble in 
water, but soluble in ammonia, phosphoric acid, or acetic acid.'^ 

Cupric (llhiNgstalc, Uu().2W03.4H20, is stated by Anthon to be 
^ Lotz, Ainialni, ISdI, 91, 40. 

- Kill it, sc hew, J. PhijH. Ghem. /S'oe., 1914, 46, 729. 

iSrnitii, J. A'inrr. Chvm. doc., 1893, 15, 151 ; Smith and Dieck, Zeitsch. anora, Chem., 
1894, 5, 13. 

Lefert, (.^ovipL rend., 1878, 87, 748; 1879, 88, 798, 

^ .Kantseiiew, loc. cit. ; Lotz, Ann. Ohim. Phys., 1855, [3], 43, 246 ; Aimalen, 1854, 
91, 40. 

Seliultze, Annalm, 1863, 126, 56; Zettnow, Pogg. AnnaUn, 1867, 130, 16, 241. 

^ AiitliDH, ./. pra/ct. Ohmn., 1836, 9, 341. 

(Joiiziilez, lor. cit. 

® Rosenheim, ZeAlsch. anorg. Ohem., 1916, 96, 139. 

Smith, loc. cit. 

Schultze, loc, cit. 
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cumoMiiiM: ak:d rrs oonornKm. 


ibriiicd as a li^4'ht ^'reen |)recipitatc when a cu{)iie salt is addtHl to a. 
dilnn,i>'sta,l,c solution, Init the actual coniposiiion of such |HX'(a|>itatcs 
is doubi.rul. 

A cvprou,s' tiingsiate, of <H>nv|)osition Cli.jjWOiaiCViWO.i, n^sults 

as a. rc'(ldish-l)rowu crystalliiu^ powder art(‘r lixiv'iation of’ tlu‘ nudt 
ohtaincal by fusin.i*’ lo<»'(‘tlu‘r cop])t‘r sul|)ba.b‘ and sodium tun,t>‘stat(‘ 
in niok'cular proportions,^ or a mixture* conljiininu; sodium tungstate 
(2 parts), sodium chloride ( t ])arts), and cu|)rous (‘bloridc* (2 |)arts)/*^ 

Copper paraUiH^^,st(/te^ iK/uO.TW'O.j.IUUol) or 5Cu(). 
is rornual as a, liglvt blia* or l)luisli™,ij;rtH‘n mi<‘ro(‘rystalliiut j)r(‘ci{)ita;U‘ on 
tlu^ a.ddilion of excess of copper sulpbaU^ to a, solution of sodium |);ira- 
tun^’stale* at. 70'’ Tlie sa.lt art.(‘r h(*a.tin.i»' l)t‘<’omt*s yellow. It is 
inse>Iuble in water. Wdien C(|uimole*(‘uhu* proportions e)!’ the two salts 
arc uscel, ^Tcenish crystals ol‘ t.lie eIoul)le^ salt, ;iNao( ),lKhiC).l tWD.j. 

are* e)l)tained. ,irexce\ss of the* (*oppe’r salt is atldeal to a bealinuf 
solutie)n ol‘ sexlium paratunn'statc, slenele*r bri.n’lvt Hue* ne‘(*dle‘s of eom- 
]>e)sitie)n ■tNao().Cvi().12\V();j..l2lIo() se*j)arale‘. Ue>senlu‘im * ol)la.ine‘el 
IVom a, ce)lel mixture* of the* se)lutions, a. Ii,i»’ht. blue; crx'stalline* |)owele‘r to 
which he <^'ive*s the; re)rmula Nru,('ull J U^OVC Ij),.,) It ’511 .1 ). 

Copper (niioioiiio-luo^s'fates (se/e p. 

Erbium yie*lels the* double tuiyi^stMte*, aXad ).2Kr.>();i.0\V( tj or 
Na(jEr,i(\V()4)9,'* whe*n the; oxide* is mixe'd with tungstic acid and elis- 
solvcd in a rused niixt.ure* of sexlium ediloride* and sodium I iuyi»;statey 
excess of the; rornu*r Ix'in^a; pre'sent;. 

Gadolinium yields a. doid,,)le; tuni»’state‘ similar in com posit ie)n to tlu; 
cerium (;onn)ouneL 

Indium Tungstate , In.>(W O.J.j.S I LO , is uhtaine*d by eloul)h* de*eonh 
])ositionJ* 

Iron Tungstates. /Am/a.v hiug.sbde e)ce*urs in the* mine*rals Jer- 
berlfe and reiuife (se‘e‘ |). ISl) anel with mant(ane*se in ^eolfrutuite. It 
may he* pre*])are*el in the* crystalline form by tusin^^ toaellua* sexlium 
tungstate*, sodiuui chle)ride, and fe;rrous chloride; ; the; e'rystals, which 
arc lustrous, black, anel opa.(|ue;, ha.vc density 7- Id It is also fe>rme*d 
when a mixture* e>l‘ t.un«j’stic anliydrieic anel fe*rr<ms e)xide* is stre)n<rly 
heated in a, e*urre‘nl e>r hyelre>ocu chle)rid<;.^ The irihifdrufe, heW'Oj.al 1.1), 
is pr(‘e*ij)ita.led as a, light t)rowu iK)weler by tlu* aeleiitiem e>r a fe*rre>us salt 
to sexlium tungstal.e* se)lutiouJ^ 

Ferrous diluii^sfub\ Fe().2W()y.2lI.d), re‘sults as a ciniuiiru)n"*l)re)Wii 
])re*cipitat(; whe‘n a le*rr<)us salt is added ie) a sejlution <jf sodium 
ditungstate;. 

Ferric Tuti^slate. The (‘ream-eolenired pre*eij>ilate‘ fe)rme‘d e)n the; 
aeldit.ie)n of a lerrie; salt to a solution of ammonium tungstate* is cem- 
sielcrcel by Le)t// ^‘4.e) be terrie tungstate. The* salts, 2Ke*oO;j,.‘i\\'();j.(;I I.^( ), 
EeA);j,2\V()y.*tIIA), anel FeAI^etVVQ^. Idl^O, are* ele*se*ribe*el by Le^lbrl.. 

^ Zeitnow, Atouden, lB(t7, 130, 1(5, 241. 

® iS<;hult/.(‘, Annah'tu IseiS, 126 , 5(5. 

** von Kuorn*, Ik.r., 188(5, 19 , 819 ; (lonzalev/., J, pmkL CIum„ 1887, |2|, 36 , 44. 

^ Uo.scnlu'ini, Zi'd^srh. asooj. (Jhvm,^ 191(5, 96, 139. 

® ilugboin, />’////. Xof. chon., 1884,44, 

** Ki'iiz, DUsciiution, 15n‘Hlati, 1902 ; Ikr.^ 1901, 34 , 27(53. 

^ ( J<',uth(*r and Uor.Mb(‘rg, Annalcn, 18(51, 120, 270. 

^ l)cbra.y, (JonipL rend., 18(52, 55 , 287. 

** Anthon, J. prald. Cfn m., 183(5, 9 , 341, 

JaX, 7 ,, xlnnakn,, 1854, 91 , 49. 
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A complex ferritungstic acid and corresponding salts have been 
isolated/ the acid being considered by Rosenheim to be a tetrabasic 
lerrihexatungstic acid ol composition H9[Fe(W04,)8], the ammonium 
and potassium salts having the formula R'4H5[Fe(W04)g].9H20. The 
latter are precipitated by adding the alkali chloride to a mixture of 
the alkali paratungstate and ferric chloride. A guanidinium salt, 
(CH6N3)3ri6[Fe(W04)g]..5lL20, has also been prepared. 

Lanthanum Tungstate.— A solution of sodium tungstate yields 
with lanthanum chloride, in presence of alcohol, a precipitate which 
on drying has a pale blue colour.^ By dissolving lanthanum oxide 
and tungstic acid in fused sodium tungstate, the double tungstate, 
4Na2O.La2O3.7WO3 or Na8La2(W04)7, may be obtained after washing 
with water in which it is insoluble ; ® if excess of sodium chloride is 
present in the melt, the salt obtained is 8Na2O.2La2O3.9WO3. The 
following lanthanitungstates have been prepared : ^ 2\NI:L).d.La20.. 
I6WO3.I6II2O, 5Ba0.La203.16W03.16Il20, and 5Ag20.La203.16W03. 
I6II2O ; these are white amorphous powders, insoluble in water. 

Lead Tungstates. — The normal salt occurs native as stolzite and 
raspite (see p. 182), It may be obtained, by the addition of a lead salt 
to a solution of an alkali tungstate,^ as a white fiocculent precipitate 
sliglitly soluble in water. On heating, it melts at 1180° C.® and forms 
crystals on cooling. Octahedral crystals of lead tungstate are pre- 
pared by fusing together sodium tungstate and lead chloride ^ or lead 
sulphate.® The crystals are transparent, of density 8*24, insoluble in 
water and nitric acid, but soluble in alkalies. 

Lead 2 )aratu 7 igsiate, BPbO.TWOjj.lOlIgO, is obtained as a white pre- 
cipitate on adding a solution of lead nitrate to a solution of ammonium 
paratungstate.^ Tlic double salt, 4Na20.Pb0.12W03.28H20, corre- 
sponding to tlie copper salt described above, yields slender white 
needles. 

Lead tritungstate is described by Lefbrt. 

Lithium Tungstates. — The normal salt, Li2W04, is formed in 
solution when a suspension of tungstic anhydride in water is boiled 
with lithiiim carl)onatc,^^ or when tungstic anhydride is added to fused 
lithium carbonate and the resulting mass extracted with water on 
evaporation, short, thick, oblique rhombic prisms separate, which 
readily dissolve in water yielding an alkaline solution. Lithium ditung- 
state is described by Anthon, but its existence is doubtlul. 

Lithiuni pamtwngstate, 5Li20.12W03.88H20 or 8Li20.7W03.19ll20, 
is prepared by adding txingstic acid to a solution of lithium carbonate 

^ Laurent, Compt. rend., 1850, 31 , 392, 693 ; Rosenheim and Sohwer, Zeitsch. anorg. 
Chem., 1914, 89 , 224. 

2 Hitchcock, J, Amer. Omn. Soc., 1895, 17 , 483, 520. 

Hogbom, loc. cit. 

^ Rogers and Smith, J. Amer. Ghem. Boc., 1904, 26 , 1474. 

® Anthon, loc. cit. ; Zettnow, Pogg. Annahn, 1867, 130 , 240 ; Smith and Bradbury, 
Ber., 1891, 24 , 2930. 

® Zambonini, QnzzeMa, 1920, 50 , ii., 128. 

^ Manrosa, Annalen, 1852, 81 , 243 ; 82 , 348. 

® Michel, Thesis, Paris, 1889. 

® Lotz, J. prakt Ohem., 1854, 63 , 214 ; Smith and Bradbury, Bull. Soc. chim., 1892, [ 3 ], 
8 , 280. 

Gonzalez, J. praU. Ghem., 1887, [ 2 ], 36 , 44. 

Gmelin, Handbook of Chemistry, 1850, iv., 42. 

Anthon, loc. ciL 
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until the mixture is neutral to litmus, and allowing the product to 
evaporate slowly over sulphuric acid. It crystallises in orthorhombic 
tables or prisms, which are stable in air ^ and are more soluble in water 
than the corresponding sodium and potassium salts. When heated to a 
high temperature in a current of hydrogen it is reduced to tungsten 
dioxide (see p. 199). 

Lithium tetrcitungstate^ Li 20 . 4 W 03 , remains as needle-shaped crystals ^ 
after well washing with water the mass obtained by fusing together 
lithium carbonate (5 molecules) and tungstic anhydride (12 molecules). 

Magnesium Tungstates . — Normal magnesiu7n tungstate, MgW 04 , 
is formed by fusion of sodium tungstate with sodium and magnesium 
chlorides,^ and remains after washing out the more soluble salts as 
lustrous orthorhombic crystals ^ isomorphous with the calcium salt. 
The trihydrate, MgW 04 . 3 H 20 , was obtained by Lefort ^ by mixing solu- 
tions of sodium tungstate and magnesium acetate in presence of alcohol ; 
the precipitate was readily soluble in water. The heptahydrate, MgW 04 . 
7 H 2 O, is obtained by boiling tungstic acid with magnesium carbonate 
in suspension in water ; a clear solution results, which, on cooling, 
deposits glistening prisms ® which readily dissolve in hot water. 

Magnesium ditungstate, MgO.2WO3.8H2O, was prepared by Lefort 
by heating a suspension of magnesium hydroxide with excess of tungstic 
acid, and allowing the solution formed to crystallise ; rhomboidal prisms 
separate, which are readily soluble in water. 

Magnesium paratungstate, 3Mg0.7W03.24H20, is obtained as white 
crystals by mixing warm solutions of alkali paratungstate and mag- 
nesium sulphate, the latter in excess.*^ The salt is slightly soluble in 
cold water, more so in hot, and is easily decomposed by .acids. If mole- 
cular proportions of sodium paratungstate and magnesium sulphate are 
mixed in solution at 70° C., the double salt, 3Na20.3Mg0.14W03.83H20, 
is produced. Similar double salts containing ammonium, 2(NH4)20. 
3Mg0.12W03.24H20 8 and (NH4)2O.2MgO.7WO3.10H2O,9 have been 
prepared. It is probable that these two salts are identical. 

Magnesimn tritungstate, MgO. 3 WO 3 . 4 H 2 O, results as a white pre- 
cipitate ® on the addition of alcohol to a mixture of sodium tritungstate 
and magnesium acetate solutions ; it is soluble in water. 

Manganese Tungstates. — The anhydrous normal salt, MnW 04 , 
occurs in the mineral huhnerite (see p. 181) and with ferrous tungstate 
in wolframite. It may be prepared by the method used for the normal 
magnesium salt,® and yields light brown, highly lustrous, rhombic 
crystals, transparent and of density 6*7. The dihydrate, MnW 04 . 2 H 20 , 
is precipitated from solutions of manganous salts by the addition of 
sodium tungstate as a greyish-white powder which becomes anhydrous 
on heating. 

Manganese paratungstate, 8MnO.7WO3.20H2O or 5 Mn 0 . 12 W 03 . 

1 Scheibler, J. pmict. Ghem., 1860, 80, 204 ; 1861, 83, 273. 

2 von Knorre, ibid., 1883, [2], 27, 49. 

^ Geuther and Forsberg, Annalm, 1861, 120, 270. 

^ Michel, Bull. 80c. min. de France, 1879, 2, 142. 

® Lefort, Coinpt. rend., 1878, 87, 748; 1879, 88, 798. 

® Ullik, J. prakt. Chem., 1868, 103, 147 ; Bull. 80c. chim., 1869, ii, 50. 

’ von Knorre, Ber., 1886, 19, 819. 

® Marignac, Compt. rend., 1862, 55, 888. 

^ Lotz, J. prakt. Chem. 1854, 63, 214. 

Groth and Arzrnni, Pogg. Annalen, 1873, 149, 236. 
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34H2O, is formed as an amorphous white precipitate on adding a solu- 

tion of a manganous salt to sodium paratungstate.^ The salt is soluble 
m dilute hydrochloric acid. It becomes yellowish green after ignition. 
By mixing solutions of sodium paratungstate and manganese sulphate 
m molecular proportions at 70° C.^ the pale yellow crystalline double 
salt, 3Na20.3Mn().14W03.36H20, is obtained, whilst with potassium 
paratungstate the double salt, 3K20.2Mn0.12W03.16H20, results ^ as 
small yellow prismatic crystals which are slightly soluble in water and 
lose 1()H20 on heating at 100° C. By boiling ammonium paratungstate 
and manganic hydroxide with water, large red octahedral crystals, 
of composition 4(NIIj20.Mn203.12W03.23H20, are obtained^ on 
evaporation. 

The salt, iMnO.lOWO^.SOHgO, is prepared by the method described 
for the corresponding barium salt (see p. 214). It is a colourless 
granular powder. 

Mangmicse tritungstate, MnO.3WO3.5HoO, is obtained by double 
decomposition in presence of alcohol.® ‘ 

A complex tungstate, of composition 3Na20.5W03.Mn02.18H20 
or NaQll2[Mn0(W04)5j.l7H20,'^ has been prepared^ by the action 
ol exc^ess ol sodium tungstate on manganese sulphate in presence of 
ammonium persulphate ; reddish-brown crystals separate which are 
easily decomposed by water. 

Mercury Tungstates. — Normal mercurous tungstate, Hg2W04, is 
formed,^ on adding a soluble mercurous salt to a solution of alkali 
tungstate, as a yellow precipitate, which darkens in colour when dried 
mid leaves tungstic anhydride when ignited. Owing to its insolubility 
in water, tliis salt affords a means for the separation and estimation of 
tungstic acid (see p. 270). An acid mercurous salt, 2Hg20.3W03.8Il20, 
is described by Lefort, but its existence is doubtful. 

Normal mercuric tungstate, IlgWO^, is obtained as a light yellow 
precipitate on adding the acetate to a saturated solution of sodium 
tungstate.® A basic salt, 3Hg0.2W03, is olitained as a heavy white 
preci})itate when a boiling solution of mercuric chloride is treated with 
an insullici(uit (piantity of alkali tungstate.® An acid salt, 2Hg0.3W03, 
is Ibrnu^d as a, whiter precipitate on mixing neutral solutions of mercuric 
nitrate and an alkali tungstate. Both these salts are insoluble in water, 
are dec()in])oscul by boiling alkalies with separation of mercuric oxide, 
and on ignition yield tungstic anhydride. 

Tlu' following salts have been described: ® Hg0.3WO.,.7HoO, 
and 3HgO.5WO3.5H2O. 

Neodymium Tungstate is formed as a gelatinous precipitate on 
tlic addition of iieodyinium cliloride to a solution of sodium fungstatc^i® 

1 Aiithon, J, prald. Ghem., 1830, 9 , 341; Lotz, Ainnalen, 1854, 91 , 49; Gonzalez, 

pralci. Cheni., 1887, [2], 36 , 44. 

^ von Knorre, be. eiL 

^ Hallopcan, Oompt rend., 1898, 127 , 621, 755; Bull Soc. cliim., 1898, [31, 19 , 955, 
977. _ 

* Rogers and Smith, J. Amer. Chem. Soc., 1904, 26 , 1474. 

^ Smith, ibid., 1922, 44 , 2027. 

® Tjcfort. loc. cit. 

^ KoKf'iiheim, Zeitsch. anorg. Ghem., 1916, 96 , 139 ; Rosenheim and Schwer, ibid., 
1914, 89 , 233. 

« Just, Her., 1903, 36 , 3619. 

® Anti) on, loc, cit. 

Uitchcock, J. Amer. Ghem. Soc., 1895, 17 , 483, 520. 
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Its colour, a very pale rose, changes on ignition to lavender. Its 
solubility in water decreases as the temperature rises. 

Complex neodymitungstates, of composition 3(NH4)20.Nd203.16W03. 
2OH2O and 6BaO.Nd203,16W03.I7H20, have been prepared.^ 

Nickel Tungstates. — The anhydrous normal salt is obtained in 
well-defined, brown, lustrous, translucent, rhombic prisms, of density 
6-88,2 fusing together sodium tungstate, sodium chloride, and nickel 
chloride.^ The hydrates, NiWO^-SHgO ^ and NiW04.6H20,® are obtained 
by precipitation as light green powders which yield the anhydrous 
salt on heating. 

The acid tungstates, NiO.2WO3.5H2O, NiO.2WO3.7H2O, and 
NiO.3WO3.4H2O, are described by Lefort. 

Nickel paratungstate, 3Ni0.7W03.14H20, is obtained as a light 
green precipitate when solutions of a nickel salt and an acid tungstate 
of sodium are mixed.® 

The salt, 4NiO.10WO3.34H2O, obtained in a similar manner to the 
barium salt (see p. 214 ), is a greenish-white powder. 

By the addition of a nickel salt to a large excess of alkali para- 
tungstate, Rosenheim has prepared well-defined crystalline salts, corre- 
sponding to the ferri-tungstates (see p. 219 ), for which he suggests the 
formulas : Na3H7[Ni(W04)6].18H20, or Na3NiH5[H2(W04)6].18H20, and 
(NH4)3H,[Ni(W04)6].7-5H20, or (NH4)3NiH5[H2(W04)6].7-5H20.7 

Complex salts containing trivalent nickel, and of composition 
3(NH4)20.Ni203.16W03.22H20 and 2(NH4)20.Ni203.8W03.14H20, are 
obtained by boiling hydrated nickel dioxide with an ammoniacal 
ammonium paratungstate solution.^ 

Platinum Tungstates. — Only complex salts are known. When 
platinic hydroxide is boiled with a solution of an alkali tungstate, 
yellow needle-shaped crystals separate which show the reactions of a 
paratungstate.® The composition of the product is 5Na20.2Pt02. 
7WO3.35H2O, but it cannot be recrystallised and is probably a double 
salt of sodium paratungstate and sodium platinate, 3Na20.7W03 
-f 2(Na20.Pt02).35H20. By using paratungstates of the alkali metals, 
Gibbs ® obtained a series of crystalline products which appeared to be 
complex platino-tungstates. According to Rosenheim, however, they 
were alkali paratungstates containing occluded platinic hydroxide. 

Potassium Tungstates. — ^The anhydrous normal salt, K2WO4, is 
prepared by fusing together equivalent quantities of tungstic anhydride 
and potassium hydroxide or potassium carbonate,^® the resulting mass 
being taken up with water and allowed to crystallise ; or by boiling a 
solution of potassium hydroxide or carbonate in presence of tungstic 
acid.^^ Thin, needle-shaped, monoclinic prisms, with axial ratio, 

a ; b : c=l *9702 : 1 : 1 - 2341 ; and j 8 = 118 ° 15', 

1 Rogers and Smith, J. Amer. Ghem. 80 c,, 1904, 26, 1474. 

2 Clarke and Davis, Amer. J. Sci., 1877, [3], 14, 281. ^ Schultze, Annalen, 1863, 126, 56. 

4 Lefort, Compt. rend. 1878, 87, 748; 1879, 88, 798. 

® Anthon, J. praht. Ghem., 1836, 9, 341. 

® Anthon, loc. cit. ; Lotz, Annalen, 1854, 91, 49. 

’ Rosenheim, Zeitsch. anorg. Ghem., 1916, 96, 139. ® Rosenheim, Ber., 1891, 24, 2397. 

^ Gibbs, ibid., 1877, 10, 1384 ; Amer. J. Sci., 1877, [3], 14, 62 ; Amer. Ghem. J., 1895, 
17, 73. 

Anthon, loc. cit. : Zettnow, Pogg. Annalen, 1867, 130, 240 ; Ullik, J. praht. Ghem., 
1868, 103, 147; Bull. 80 c. cUm., 1869, ii, 50. 

Marignac, Gom,pt. rend., 1862, 55, 888 ; Ann. Chim. Phys., 1863, [3], 69, 5 ; Anthon, 
loc. cit. See also Riche, Ann. Ghim. Phys., 1867, [3], 50, 49. Marignac, loc. cit. 
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and isomorphous with potassium manganate and potassium molybdate,^ 
are obtained, which are readily soluble in water, decrepitate when heated, 
and melt at about 921° to 926° C.® The salt, however, appears to be 
dimorphous, laminated crystals often accompanying the prisms.^ 

Ihe dihydrate, K 2 ^^^ 04 * 2 H 20 , crystallises when the solution is con- 
centrated over sulphuric acid at temperatures below 10 ° C. in lustrous 
monoclinic prisms and tables, with. axial ratio 

a : b : c=0-9998 : 1 : 0-7830; and p = 110° 57'.3 

The crystals effloresce in dry air, but are deliquescent in moist air. 
Other hydrates have been described, for example, K 2 WO 4 .H 2 O, slender 
needles,^ which was probably partly dehydrated dihydrate; and 
K 2 WO 4 . 5 H 2 O, hexagonal prisms,^ which according to Ullik ® was a 
sodium-potassium tungstate. 

riie solution of normal potassium tungstate is strongly alkaline in 
reaction ; its density at various concentrations at 15° C. has been 
determined as follows : 

Concentration (per cent. ) . 2-42 6-57 8-72 16-19 

Density .... 1-0202 1-0575 1-0781 1-1548 

Various acid tungstates have been described. The compound formir 
lated as the ditungstate, K 2 O. 2 WO 3 . 3 H 2 O, in earlier literature ® has 
been shown to be the paratungstate. 

Potassium 'paratungstate, 5 K 2 O. 12 WO 3 .IIH 2 O or 3 K 2 O. 7 WO 3 . 6 H 2 O, 
is prepared by the action of acid on the normal tungstate ; for example, 
(i) by saturating a solution with carbon dioxide,^ (ii) by adding acetic 
acid to a cold concentrated solution and boiling the resulting white 
precipitate with water, or (iii) by boiling the solution with a solution 
of tungstic acid.^^ It may also be obtained by fiising together tungstic 
anhydride witli potassium carbonate or potassium tungstate, and 
lixiviating the fused mass. The salt is deposited from solution as a 
crystalline powder consisting of iridescent scales. Electrolysis of a 
solution of the normal tungstate in a cell in which the electrodes are 
separated })y a diaphragm also yields the paratungstate. 

The crystals are triclinic pinacoids, 

a : b : c=()-9137 : 1 : 1-1362 ; a = 65° 36', ^ = 117° 22', y = 115° 39', 

^ Rntgoi-H, Zc.iMi. phynihal. Ohem., 1891, 8 , 6 . 

“ iriittncr and Taminarm, Zeitsch. anorg. Ohem., 1905, 43 , 215 ; van Klooster, ibid., 1914, 
85 , 49. Aina,d<)ri {AUi Ji. Accad. Lined, 1913, [5], 22 , i,, 609) gives melting-point 894° 0. 
I'he dcMisity and molcujular surface energy of the molten salt have been determined at 
various tcuTipcraturcs by .laeger, see Zeikeh. anorg. Ohem., 1917, loi, 183, 188 ; Jaeger 
and Kahn, K. A lead. Wdenscti. Amsterdam, 1916, 19 , 381. The curves of crystallisa- 

tion of the systems, K.> 8()4 -™K 2 W 04 , K 2 Cr 04 — K^WO^, and K 2 M 0 O 4 — K 2 WO 4 , have been 
iuv(^stigated l)y Amadori, loc. dt. 

Marignac!, loc. dt. ^ Eicho, Ann. CMm. Phys., 1857, [3], 50 , 5. 

A nth on, loc. dt. « Ullik, loc. cit. 

’ Traube, ZdUrA amrg. Ohetn., 1895, 8 , 12. Vapour- pressure determinations are given 
by Tamnuum, Mem. de VAcad. Fetershourg, 1887, [7], 35 . 

« Anthon, loc. dt. ; Riche, Ann. Oliim. Phys., 1857, [3], 50 , 49 ; Lefort, ibid., 1876, [5], 
9 , 03 ; Oompt. rend., 1876, 82 , 1182. 

^ Riche, Ann. Chim. Phys., 1857, [3], 50 , 5 ; Marignac, ihid., l^%Z, [3], 69 , 5. 

Lefort, M., 1876, [5], 9 , 93; 1878, [5], 15 , 321; 1879, [3], 17 , 470 ;' von Knorre, J. 
praH. Ohem.., 1883, [ 2 ], 27 , 49, 

” Anthon, loc. dt. ; Scheibler, J. praht. Ohem., 1860, 80 , 204 ; 1861, 83 , 273. 

Schaefer, Zeitsch. anorg. Clmn., 1904, 38 , 174. 
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aiul are isoinorplious witli aninioniiun |)ivratuii,i'‘sla((\^ live salt is 
somewhat soluble' in cold watt'r and dissolves readilv' in hot. Solm 
bilil.y data l)y Antlion, UidK', and Marioiuu* art' not in rutnuantavt. 
Ae(*ordino’ to the last named, 1 part of tlu' salt dissolve's in 7 I |)arts ot 
watea' at 20'' (1, Init when a satnrate'el se)lulion is prc'pMred by boiling 
the salt witli water for seve'ral days the: e'oe>leel solution at IS (. 
eonlains 1 jiart of the salt 

after 1 day elissolve'el in 54)2 parts e)f wate'r 

,, 20 days „ ,, 1 ,, 

j, 15».5 ,, 1 «)•(,) ,, ,, 

,, ♦htf 5<i I'et) 'tn <141 

It is inse)lnl)le in alexihol. When he'ate'd it Iose‘s wate'r, and at a red 
heat fuses, undern'oine deeannposit ion,“ anel e>n e*oe)linn' se'ts te> a yt'llow 
erystalline mass. 

Twe) otlier hydrates evf ])ota,ssium para.tunestate‘, 5K.,( ). 1 2 \\1 );i, 
tOllA)'^ anel 5K/).12\V().j.l l.HA), or 0KA).7\V(),j.snA),^ linve lietai 
eleseTibeel. 

The salt, 2K./).r)\V();i.l-I is obtained as an amorphous preeipi^ 
late by aeleliiuj^ a (‘old exmeentrated seihition e)f t in' normal salt to e\(‘e,ss 
of ^j^laeial aeetie aeiel ; it is soluble' in 20 |)aiis of wate^r, and tin* solu- 
tievn on evape ration ah ordinary te‘m|)e‘ratun‘s d('|)osits prismatie tahh's. 
The se)lution elecompeise'S on l)e)ilil^^ I'his salt may also In' prodia:ed 
by the' adelil.ion e>f potassium ('hloriele' to a, hot solution t>f sodhim 
jmratun^'state', e)r by e^rystallisatiem from a. he>t. solution of polassium 
jiaratun^^sta/te'.^^ 

Pofassinm Ki>().»2\V();{.2n./), is obtiune'd/» l>y |)our!nj4' a, 

ee)ne'entrateel se)lution e)f the' normal salt into a boilinii solution of 
a, ('('tie acid, as a white preeipitat(', wliieh must b(' liltere‘(i immediately 
anel washed with ah'ohol in eu'der to preve'ut the formation of na'ta* 
tun^'state. It dissolves in 5 to (> |)arts of wate'r, aud t la* solution em 
eonc'cntration yields line nee'die'-shaped e'rystals or prisms ; hut on 
be)ilin^r or ]>re)le)n 4 ’'e(l heatinj^ de'eomposition o(‘(*urs. 

The' aeiel salts, 5K./).l lAVO.j and KoO.SWO.j, ha ve idso hei'U 
deseribe'd.^ 

The double tur^j^state, K 2 Na,i(\VC).j).t. I tl!./), has been obtained 
by Ullik,^ whilst IlallojK'au deseriix's a. lunj^state' of potassium 
anel tunfrste'n, of eomposition K./).VV()o. tAVO.j, pre[)ar('d by lu'atine; 
potassium ])aratun‘,fstate with tin for one' liour at a le'mperatun* 
suHieienlly hi^di to melt tlie tvui^state. On tre'atini^ the' n'sidiu’ sue 
ee'ssivx'ly with boilin^j;* water, eoneeutrate'd liydroehlorie* aeid, boiliuy 
potassium earl)ona;te (50 per cent, solution), anel linally hot water, 
the' eomponnel is e)htahu‘d as dark blue prisnudie* e*rysta!s. 

Praseodymium Tungstate is ohtaine'd as a i^reetiisleyellow 

* Marignac, Ann. Ohm,. Phyn,^ IHSa, |a|, 69 , 5. 

^ liliAiOf Ann. Ohim,. /*/e?/w., 1857, [a], 50, 5 ; vuii Kuern', J. 'prakt. Ohrm., IHSM, |2|, 
27, 40. 

eabbs, /b-or. vtmrr. AcmLy I 8 BO, 15 , 1 ; Anuir. (Jhvm. 1880, I, I, 217, 

Z(‘t4uow, Otmn, Atuudon, 1807, 130, 15, 241. 

•’ Lefort, (Umt.pL rend., 1S75, 82 , 1182 ; ,.4/m. Ohhn. Phjh'i., 1875, (5}, 9 , 03. 
in»sculH‘ini, Zvitsch, anorg. Ohem,^ lOK), 96 , 130. Sec- also Annr. i'hnni. ♦/., 

1880, I, i, 217. ’ von Knurro, he. cit. 

» IJllik, Pilznnqshvr. K. Akatl IFmv. Wien, 1807, 56 , MS, 

•' HalloixMUi, null. PoC: chim., 1890, [3), 21 , 257. 

UiU5u‘ock, ./. Amer. Ohem Poe., 1805, 17 , 483, 520, 
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gelatitioHs precipitate when the chloride is added to a solution of 
iiiilike the corresponding neodymium salt (see 
|). j, Its s()Iii!)ilit,y in water increases with rise in ternpera;tnre. 

. r pi-aseodymiura hydroxide with aqueous ammonium 

|<uatuugstat;(^ and evaporating to dryness, the complex salt, 
yNII,i)„() I r^().,.l(,\V0.,.l6H20, IS obtained as a green transparent 
i'-**'" ii> barium and silver salts, having eomposi- 

V n !'iwi <5Ba0.Pr.,03.16W03.9I-L0, and 4 Ag., 0 . 

l‘r,(y l(.WO,.S lip, luxve also been prepared. 

Rubidium Tungstates.— The pentatungstate, Rb.,0.5VV03, pre- 
foKctlier rubidium oxide (1 part) and “tungstic oxide 
i'V ‘z , glistening rectangular leaflets.^ The octa- 

Umgidnle, R 1 )^().(S\\ O3, lias also been obtained. 

')« lungstate. -A clouble salt of composition SNa^O. 

111203..) VVO.) has been prepared in the same way as the corresponding 
lanthanum eompound (sec p. 219 ). 

Silver Tungstates. .-The normal salt, Ag.^WO^, is produced as a 
l>n‘(*ii)itate when a sohition of sodium tungstate is treated 
wilh silver nil-ral,(‘ ; ^ it is slightly soluble in water and, on heating, 
tuins (lark ])urj)I(‘ and melts. A tungstate containing excess of silver 
aiKl eaJled a.rgtMil;oiis ” tungstate'^ has been shown to be a mixture 
A . metallic silver/'* An cvmnimilstimgsf^^^^^ 

A^VViJ^.lfNH.j, is lormed when ammonia is added to a solution of a 
silvan* salt, or wlien tlie dry silver salt is saturated witli ammonia gas ; 
m tli(3 iormcn* ease, ta.bular crystals are ol)tained on eva|)oration ; in 
the latter, a whitt‘ lailky j)owder remains. It is sc)lul)le in water, but 
the solution d(H!om])osc*s. On heating, the substance loses all its 
aiTimoma at (K)" V. 


Sliver Paratungstate, 5Ag20.12W03.28H20, is olitnined » as a 
whitish-yellow erystallinc precipitate on adding a solution of a silver 
salt to a. solulion of sodium paratungstate. After drying at (10° C. it 
contains SILO. It melts at a red heat, and on cooling solidities to a 
white lustrous erystallim^ mass. 

Sodium Tungstates. ~rhe anhydrous normil tungstate, NaaVVO^, 
is prejiared by the fusion method described for ])otassium tungstate 
(sei' p. 222), or by complete dehydration of the hydrates at 100“ C. or 
over sulphnrie aeid.*^ It may be obtained from the mineral wolframite 
liy lusion with alkali as already described (see p. 202). 

Th(^ anhydrous salt exists as white crystals, of density at 

lK r>" ('. and .|V 17 |.;{ at 20 -, 6 “ (!.,» which melt at 098 “ C.i'' 0 ‘n heating it 

undergoes two transibrniations, the lirst with considerable develo[)nicnt 
ol heat, and linally boils. The transition temperatures between the 
polymor|)hie forms thus indicated have lieen determined from the 
cooling and heating curves as follows : 


K.iif'cra and Siiiif.li, Anw.r. Ohem. <S'ec,, 1904, 26 , 1474. 

“ Sc.hnclVr, Zeiisrh. annnj, Okem., 1004, 38, 142. 

SmiUi and liradliury, lirr., 1801, 24 , 2900 ; Zottnow, loc, cU. 

^ VV(»lil('r and Ua.uU*nl)(‘rf<:, Amialen, 1800, II 4 , 110. 

'• MudimarHU Her., 1 887, 20, 983. « VVidmann, Ikdl 80 c, chim., 1873, [21, 20, 64. 

' U(mzal«‘/, J. prakL Okwh., 1887, [2], 36, 44. 

” ,.!////. ('hi)ii. /Vi//, S’., 1857, [ 3 ], 50 , 5; Forcher, Sitzungsher. K. Akad. 

11/171, 18(12, 44 , I(i-1 ; PuAvhnvski, Ber.f 1900, 33, 1,223 ; Funk, ibid., 33 , 3700. 

(’lai'ki^ and Davi.s, Am>n\ J. 8 ci., 1877, [3], 14, 281. 

Ai’c.ordiiw to Smith, ,/. A^nrr. (Jham. Bor., 1922, 44, 2()27, rnelting-poiut • "665° (1 
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*'* Th<‘ of ilu‘ (litTrn'ui forms is <Im<* to mid is ohoson from tho 

behaviour of t lu‘ tlins* salts in t ho biuarv systems Na..\\'< >,» ^ ^ i ho 

and th<‘ ternary systmn Nhn.o\V < ),e 


Thc‘ biniirv systems NtioWO,! NtuSiO., luul Na..\\'()i K.»\V(),, aiui 

tlie |)r()|)c‘rli(‘S of {i<|ii<‘<:)us sohilioiis of th<‘ mixttin‘s, hav(‘ htam 
iivv(‘stio'abniJ' 

Tlie luait ot* formation of socHtim tuiio'stntv has \>vvn Ibmul to he : ’ 
Na/) 1 \V<);,'-..Na,.\V(),, i Hi, 7m ea,lori<-s. 

TIu‘ a.(jU<‘ons solution, vvhieli is alkaline, wlnai allovvetl to erystallist* 
at ttnn|)(Ta,tur<‘s til)ove (»“ Ch, yields shmdta* nacnaais (’rystals of tin* 
(liliy(lral(\ Ntto\V(),i/JlL/), in the form of rliomliit* liijiyrainidal seales, 
a:’h:e 0-S()02 : 1 : o“(M.7(h” of (l(‘nsity at ITsV C. and :h2:il 

at It) ' Cd* Tliis hydnit<‘ is stable in th<‘ jur, ami it is in this form that 
the stUt is |4’enerally nseth When Inaittal, it lost‘s \vat(‘r at 200 ' 
beeoines oj)a(|ue, a.nd hiudly merits. It dissolvers n^adily in liot \vat(‘r, 
but may l)e })reei|)itatt‘d by mtams of a.l<*ohoh d'lu^ stdnlion yields white' 
tvm^JTslie acid on t he addition of mint*ral ac'ids. 

If the aeiiu'ous solution is allovveal to (*ryst,allis<‘ at t(‘m|)t'ratur<rs 
below C., tla^ dvvnhjjdrate, NtiaVVO,^. lon./)i is ol>tain<‘<l. 

The solubility of sodium tungstate luis been de'termine'd l)y Funk ‘ ^ 
as follows : 

eimms in 

Ian (IriuuH Snlutium 


.I-MI7 

dd-72> 

■l•2•27 

-1-7*05 

i.o*:u 


‘ i niitner and '"Patnmann, ZeiLwh. ammj, Oh^iHu, 11105, 43 , 215. 

^ li()idi(‘, ihi(L, laoi), 50 , 555. •* Purravann, iUtzzdUi, IlinO, 39 , it., 55. 

^ vtin Klooster, Zvifsch. (inonj, Ohmk, Ull l, 69 , 155, 
van Kloostm* and (lerms, ilid., 1014, 86 , 500. 

« van Litmipf, /55/., 1022 , 122 , 175. HeHi alsn van Kluoster, ibid,, lilli), 69 , 155, 

’ MiNf(‘r, Aitirr. J. ;SV/., lOOS, |4], 20, 125. 

“ .Marijiatae., n nd., IS 02 , 55 , 888 . 

« f’larke and .Davis, Annr. J. 1877, |5|, 14 , 281, '« Funk, /*!/., lilOO, 33 , 3700. 

Funk, lor. rit. Sei^ tilsu Antlion ; Riedm, /D/«. Chink /Ve/.f., 1S57, 15|, 50 , 5. 


Solid Fhast^ Na,\V(Vl0U.,D. 

Solid aims 

1Nymp(U’atur<‘, 

0 

( {rams Na,,\V( 1^ in 

100 ({rains Solution, 

'r<‘mp**rntur(s 
” (N 

’ 5 

8()*8(> 

8*5 

... .1. 

;n*87 

-1 0*5 

:i5 

82*08 

21 

-AJ 

81-52 

-1 48*5 

0 

88*51. 

-1 80*5 

-I :j 

80*20 

1 100 

l-r, 

-Id *02 
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Thes<^ r(‘suir.s :u.-e sliowii graphically in fig. 4 

fr.t ( lls tvf o'' various coueen 

iraiioiis u<i\t. [)(‘cn (lc‘(;cnuined as lollows : 


<d*ams N'ji.AVO^j in 

loo drams Soluiiou. 

tr"" ’ 

llefracldVf* indt'x, 

20" 

n 

D. 

2-21 

1*0184 

1 *88580 

10*08 

1 0949 

1045T() 

I ()*5() 

1*1007 

1*85870 

20*59 

1*2148 

1*85988 

2 5 * If ( ) 

1 *2789 

1*80018 

82*08 

1*8851. 

1*87981 

88 • (<»$ 

1 * 1828 

1*88890 


,• k ":: iN»»wo. n. 


V ;i2 

A <)5*J) 


iH 

lOl-S 


512 1024 

105‘4 1 10*;$ 112*9 116*4.‘* 


I hti Viip()ur pn'ssun^s of soluilons ha,V(‘ \mm 

llu; prodiicl.iuM of colloidjil fungsf.cn hydroxide by the electrolysis 



of 

If 


a solulion of sodiuin tungstaf(‘ has already been ■deseril)ed (p. 2071 
preeaulious are taken to |)revenf flic sod'iiun hydroxide forn’uMl at 


' I\tuI<‘Vv,‘4vi, //rr.. | 33 . hIho 4Varr/, J. IH7I P I a . 

5, ; Tnuihv, Zritsrh, anwy. ('hnu,. 1895. 8, 11 ’ ^ 

*’ \yal<iuu. Znt-^rh, phnsibil, ('hvm,, 1887, 1,529, 

Knr hirlhur data urr Kl(/.hiu*hur, Btfilia, 1899; < IrfiHMinutm and KrlinKn* 

fWa anor^f, %m., 1901. 41. 4:i ; WVIIh, J, Anm% i'fum. tSVa*., 1907, 20 2 • WaZ 

iirnl Joiifv;. /5/V/,, loUJ, 37 , 2021;. ^ ’ vvaUviiiH 

'lunuimiiu, iMvm. d* V Arnd, l^vkmbonnj, 1887, 1 7J. 35 , 
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the cathode from reaching the anode, for example, by means of a porous 
partition, it is possible to prepare the paratungstate, or other complex 
tungstate, from the anode solution.!^ 

The use of sodium tungstate has been recommended as a mordant, and 
it has been used as a lire-proofing material for flannelette, but owing o 
its solubility it cannot be eonsidered satisfaetory and it is not now used. 

Sodium dUungstate, Na,0.2W03, may be obtained by fusing together 
tungstic anhydride and sodium hydroxide or sodium carbonate the 
mixture containing iNa^O : 2W03.^ On cooling, 
which on prolonged heating with water 

solution which contains metatungstate. The Na20.2\ 3. 

2H,0, is described by Rammelsberg » as a crystalline precipitate obtaine 
by addition of hydrochloric acid to a solution of the normal tun ^tate 
The hexahydraU, Na3O.2WO3.6H3O, is stated by 

from a solution containing the normal tungstate (2 moleci ) _ 

acetic acid (1 molecule) ; von Knorre,^ however could only ^ 
paratungstate from such a solution. The hydrate, Na30.2Vi O3.UH3O, 

li&)S iilso bcGii d.GscrilDC(i. , of 

Sodium paratungstate is known commercially a§ tun 

soda ” and mav be prepared on a large scale by fusing wolframite wi 

£da aah and ImviLtilg the teed mats. On 

boiling solution with hydrochloric acid and allowing to crystallise, 

'“"lit »S nt^7?ettl“ of tl >0 fol'r ’ 

? SaturS of a solution of sodium hydroxide, carbonate, or tung- 

n- StSZ^S.;; tept'ate solution ™th hydrooUoric acid 
at boilte-ntef te described above) until only faintly alkaline to litmus.- 
8 Addition of a solution of sodium metatungstate (containing 
grams Na3O.4WO3.10H3O) to one of the normal tungstate (containing 

" o}i“lt.‘on of normal sodium tungstate udth carbon 

5^'^keetrolysis of sodium tungstate solution m a ^cell m which the 

electrodes are separated by a diaphragm (®cc ^ 

Urnm the solutions so prepared various hydrates have been obtain 
«ud are d2cr£d under many different formate. There appear, how- 
ever ,\o be five distinct salts which show distinctive Proper^, varying 
front one another in degrees of solubility, crystalline ^.g^jjgg 

(i) 5Na30.12W03.28H20 is formed when crystallisation takes 

‘ Lottermoser, KoUoid Zeitsch., 1922, 121, 243. 
a vonKnorre, J. yrofci. Ohem., 1883, [2], 27. 49- 

: SrS Ss; fSt: IS'ka 1™, tsi ,, 

& Friedheim, Ber., 1890, 23, 1509, 

« Anthon, J. prakt. Ghem., 1836, 9. 341. ^ ^ 1 . 

a Solieibler, ibid., 1860, 8o, 204; 1861, 83, 273 , ) j .p^aht. Ohem., 1887, 

Amer. Ohem. J., 1880, l, 1, 217 ; von Knorre, toe. erf. , Gonzalez, pro 

30 Schaefer, Zeitsch. anorg. ^ Mariffnac This compound was formu- 

ITscheible^fnd 2lla45W03.12H.0 by Eorcher. 
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place at ordinary or lower temperatures. It yields transparent or 
milky tnclinic pmacoidal crystals with 

a : b : e=0*5341 : 1 : 1-1148 ; a=93° 56', ^8 = 113'" 36', y=85° 55', 

ol deiisity 3-987 at 14° C. and stable in air. On heating, the salt loses, 
according to Scheibler, 10-42 per cent, of water— 21 of the 28 molecules 
iioU would correspond to a loss of 10-52 per cent. ; according to Rosen- 
heim tlie loss at 100° C. corresponds to 24 H 2 O, and he therefore 
suggests the iormula 

NajoH4[H4(W04)6(WA)3]-24H20. 

The remaining water is lost at 300° C., and the residue, which has 
density 5-49, is still completely soluble in water. At a red heat — accord- 
ing to Smith at. 705*8 C. the salt melts to a clear, yellowish, oily 
li(|uid and uiulergoes decomposition, for on cooling it sets to a crystalline 
mass which is only partly soluble in water, the insoluble residue being 
the tetratungstate, Na^O.l^VVO^. According to von Knorre ^ the decom- 
position ma,y lie represented thus : 

3(5Na/).l2VV(),)~-->7(Na20.4W03)+8(Na2^ 

wSoluliility da.ta for sodium paratungstate have been given as 
follows : 

Orn^ part of salt dissolves in 8*^ or 12 ^ parts of cold water, or 12*6 
{laris of watm* at 22° 

If the salt is boiled for some time with water, a solution is obtained 
wliit*li whim cooled to 16° to 20° C. contains 1 part of the salt^ 

a fter 1 day in 0-68 parts of water 
,, 12 days „ 2*6 

„ T2 „6*9 

„ 7 months „ 9*7 

,, It „ „8-8 

If l.lu^ salt is lioiled with water, or kept for a considerable time in aqueous 
s<>lution, it is decomposcal into the normal and metatungstates. This 
at’eoimls for tlu^ i’a.ct that although the cold fresh solution is neutral in 
rca(4 ion, it gra, dually liecomes acid towards phenolphthalein and alkaline 
towards tropu‘olin, (‘S|)ecially after boiling; it also explains the apparent 
ima*(-as(‘ in solutiility with time indicated above. 

'I'lu' solution has at first a sweetish taste, but it gradually becomes 
sharp and bilt<a\ Rosenheim® has determined the equivalent con- 
du<‘iivi(i(‘s of solutions at 25° C. containing molecule 5 Na 20 . 12 W 03 
in r litiX'S, as follows : 

r 32 64 128 256 512 1024 

A (>8-5 79*8 90*8 100-3 110-0 121*8 

^ It((.s(‘nhrirti, ZriLsrh. anonj, Chem., 1916, 96 , 139. 

'-i Sniitli, ,/. Amrr. Chcm. 1922, 44 , 2027. 

Von Kiion-o , prakL Ohem., 1883, [2], 27 , 49. 

Antluui, lor. riL 

* Mariiauu;, ('oihjk ntnd.^ 18()2, 55 j 388. 
lor. riL 

V(ni Kuorri% />Vr., 1885, 18 , 2362. 

« Ivo.sfnlulin, lor. cit, 8 eo also Eltzbacher, Dmerlation, Berlin, 1899. 


>5 j> 

i) )f 

99 99 

9 9 9 9 
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The following values ^ show the difference in conductivities at 25° C. 
of freshly prepared cold solutions (A,), and of solutions previously 
boiled (Ag), 


V = 

25 

50 

100 

Ai= 

61-2 

71-2 

78-9 

A,= 

82-4 

92-1 

99-7 


This considerable change, confirmed by Wells, ^ supports Marignac’s 
observation of change in solubility. 

(ii) 5Na20.12W63.25H20.^ This hydrate is obtained when crystal- 
lisation takes place at about 60° to 80° C.^ as monoclinic prisms, with 
axial ratio, 

a : b : c=0-8069 : 1 : 0-5328; and jS=120° 10'. 

When heated to 100° C. it loses 9-15 per cent, (corresponding to 18 
molecules) of water. 

(iii) 5Na20.12W03.2lH20 is formed when crystallisation takes 
place at 100° C, It yields octahedra of the triclinic system, 

a : b : c=0-8695 : 1 : 1-2787 : a=91° 18', ^ = 86° 16', y=97° 59'. 

The substance is often contaminated with some of the 25-hydrate. At 
100° C. it loses 15 molecules H2O. 

(iv) 3Na2O.7W03.16ll2O is obtained, according to Marignac, by 
crystallisation from a solution of a paratungstate containing sodium 
carbonate, in short prismatic crystals, triclinic pinacoids, 

a : b : c=0-6836 : 1 : 1-1802 ; a=95° 3', ^=123° 42', y=91° 53'. 

Under analogous conditions Forcher ^ obtained octahedral crystals to 
which he gave the formula 3Na20.7W03.15H20. At 100° C. it loses 
12 molecules HgO. It is probably a polymorphous form of the 
28-hydrate described above. 

(v) 3Na20.7W03.2lH20 crystallises from solutions which have been 
boiled for some time, yielding prismatic crystals, triclinic pinacoids, 

a : b : c=0-9296 : 1 : 0-5207 ; a=92° 47', j3 = 96° 28', y=89° 40'. 

At 100° C. it loses 17 molecules HgO. 

The acid tungstate, 4Na2O.10WO3.23Fl2O, may be prepared ® by 
passing carbon dioxide for several days through an aqueous solution 
of normal sodium tungstate, or by gradually adding formic acid, until 
the action is distinctly acid, to a solution containing 100 grams of the 
normal tungstate in 100 c.c. of water. The action of glacial acetic 
acid on a solution of sodium tungstate produces a mixture of the salts 
4Na2O.10WO3.23H2O and 5Na20.12W03.28H20. The salt, 4^X0. 
IOWO3.23H2O, forms monoclinic crystals which effloresce rapidly in 

1 Junius, Dissertation^ Berlin, 1905. 

2 Wells, J, Amer. Ghem. Soc., 1907, 29 , 112 . 

According to Sclieibler, 3 Na 20 . 7 W 03 . 14 H 20 . 

^ Marignac, Ann. Ghim. Phys., 1864, [4], 3 , 5, 76 ; 1863, [3], 69 , 5 ; Gompt. rend., 1864, 
58 , 809 ; 1862, 55 , 888 . 

« Forcher, J. pralct. Ghem., 1862, 86, 227 ; Bull Soc. cUm., 1863, 5 . 197. 

6 Smith, J. Amer. Ghem. Soc., 1922, 44 , 2027. See also Gibbs, Proc. Amer. Acad., 1880, 
15 , 1 ; Amer. C?mn. J., 1880, i, 1, 217. The salt, 2 Na 20 . 5 W 03 . 11 H 20 , probably identical 
with the above, is described by Marignac, Gompt. rend., 1862, 55 , 888 ; Ann. Ghim. Phys., 
1863, [3], 69 , 5 ; Lefort, Gompt. rend., 1876, 82 , 1182 ; Ann, Ghim. Phys., 1876, [5], 9 , 93; 
Rosenheim, Zeitsch. anorg. Ghem., 1916, 96 , 139. 
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dry air and have density 4-3. When heated, the salt loses 17 mole- 
cular proportions of its water of crystallisation at 100° C., the remainder 
only being driven off by strong ignition. It melts at 680*8° C. It is 
soluble' in water — 19 parts of the salt dissolve in 100 parts of water at 
ordinary tc'iupcrature — forming an acid solution. 

iSadiuni trif iin (Estate ^ Na20.3W03.4lT20, is prepared, according to 
Lefort, by gradually adding a concentrated solution of the ditungstate 
to a l)(>irnig 50 per cent, solution of acetic acid. On cooling, a white 
precipitatt^ results wliich dissolves in water, and the solution on 
evaporatiou yic'lds long prismatic crystals. The existence of a tri- 
tungslaU' is ch'nicHl by Kantschew. 

Sodiiiin^ fiiratuiigstate, NagO.lWOo, is obtained by the complete 
delpvdralioii of sodium metatungstate, and is sometimes called 
“ anliydrous sodium metatungstate.” As will be seen, however, water 
is (‘ss(‘utial to tlic^ constitution of metatungstates. The salt may be 
obt.aiiu'd l)y heating the paratungstate and treating the residue with 
wat(‘r. ‘ It is insolul)le in water, but on prolonged heating with water 
at 120 ’ C. it is converted into the metatungstate (see p. 241). 

Sodiuiii pentfifiingstaie, NaaO.SWO-j, is obtained ^ by fusing together 
sodium tungstate and tungstic anhydride (1 : 2), or by heating sodium 
paratungstate to inci})ient fusion and extracting the fused mass with 
wat(‘r, when it remains in brilliant plates or scales which are only 
slightly solul>k; in water. 

' S()diuni h(\V(dmigMe, Na20.6VV03.9I:l20, is obtained according to 
i\Iarigna(‘ l)y j)rolonged boiling of tungstic acid with sodium para- 
tungstab'. IMlikJ* by decomposing a solution of sodium metatungstate 
witii hydro<*hlori(* or nitric acid and allowing the solution to evaporate, 
obtained larg(‘ yadlowish crystals of what he considered to be the octa- 
l,tmgstat(‘, Nhi2().H\V()3.l2ri20, but Friedheim could not confirm his 
r(‘si'ilts, and Lt'ontowit'sehf^ using the reagents in different proportions, 
obtaiiu'd crystals of the liexatungstate, of com|)osition NaaO.eWOa. 
lall.O. The anhydrous octatungstate, Na20.SW03, was obtained by 
von Knorre by Oxidation of fused metatungstate at a bright red 
lu‘at, and (*xlraetion of the mass with water, when lustrous scales of 
t,h<‘ (H*tabmgstat<‘ remain. The relation of these higher acid salts to 
out* anollu'r and to metatungstic acid has not yet been determined. 

The acid salts, 2Na2().3VV03.7H20 « and 3Na20.8W03.17H20,7 have 
also Ih-cii d<‘s<‘ril)ed. 

Many doable lamgstates containing sodium have been obtained® (see 


pp. 213 222, 221s 225, 232, 233). 

St rotitium Ihni^states . — anhydrous 


normal salt, Si’WOa, is 


pH'cipi tat <'d on t lu‘ addition ot strontium acetate solution to a solution 

^ ./, prakt. 18(Ht 8 o, 204; 18(>1, 83 ? 273. 

- vuu K Horn*, 12 J, 27» 111 . .. , 

laiik, Sitziitiifshrr. K. Ahid. Wien, 18()7, 56 , u., 157; J. pralcL them,, 18t)8, 

lO'U 147 ; lUai. So<\ r/iici,, 18(50, II, 50. 

‘ ^ Lrnntowithrlj, J, /Vu/w. Chem, Soc,, 1905, 37 , 130. 

• vnii Kimriv, /An, 1HH(5, 19 , 810; Bull Boc, chim., 188C), 46 , 52. 

*’ J , prakt, (difon., 1800, 80 , 204 ; 1801, 83 , 273. 

< Wi lts ./. Anur, (%m. Bm., 1007, 29 , 112. . 

|;!| 6o. .'i : l.MliU, iv. ilterf. Ifw. PP Min, 18fa7, S6> 
rZ:L::- Ir-tA! IHHO, is. 1 ; 1«80, i. 1 an ; 1800 17 . I 8 I ; von 

Kimnv, iHKf;. 19 , K21 ; lliilloiwau, Ami. Chim. Phyn., 1900, L^J, I9. Oo- 
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of a normal alkali tungstate,^ or it may be obtained in the crystalline 
form by fusing together strontium chloride, sodium tungstate, and 
sodinni chloricie.^ The crystals are white, translucent, tetragonal 
bipyraniids, a : c=r^l : 1-5582, and of density 6-184.3 

Strontiwn SrO.2WO3.3H2O, is described by Lefort ^ as 

a wliitc precipitate formed by the addition of strontium acetate to 
sodiiim ditungstate solution. It is only slightly soluble in water and 
becomes anlvydroiis on heating. 

paratungstate, 3Sr0.7W03.16H20, is precipitated on add- 
ing a liot solution of a paratimgstate to a hot solution of strontium 
chloride or nitrate, using excess of the strontium salt. It is a granular 
crystalline powder, wliich does not fuse at red heat.^ The double salt, 
Na2().4Sr().12W()3.29H20, is obtained by adding a strontium salt to a 
l>oiling solution of sodium paratungstate ^ until the precipitate no longer 
redissolves ; on iiltering and allowing the solution to crystallise, white 
scales se])aratc. The salt on heating turns yellow but does not fuse. 

Tlie salt, 4SrO.K)W03.26lT20, is a white insoluble granular powder ^ 
obtained in the same way as tlie corresponding barium and calcium 
salts. Strontiuni tritungstate, Sr0.3W03,5n20, is described by Lefort.® 

Thallium Tungstates — The nonnal thallous salt, TI2WO4, is 
|)recipitated when solutions of normal sodium tungstate and a thallous 
salt are mixed, or when a boiling solution of tungstic acid is neutralised 
with tliallous carbonate.'*^ It yields highly refractive, hexagonal micro- 
crystals. Thallic t:imgHtate has not been prepared. 

Thcilloiis paraiiiiig.state^ 5Tl2O.i2WO3.9H2O, is obtained, on adding 
excess of tlialloiis sul|)liate solution to a solution of sodium para- 
tungstate,^^* as a white amorphous precipitate, insoluble in water, 
solul)le in alkalies. 

Thorium Tungstate. — A white flocculent precipitate is formed 
when a salt of thorium is added to a solution of an alkali tungstate. 

Tin Tungstates. tungstate, SnWO^.GHgO, is obtained as 
a yellow |)owder by mixing solutions of sodium tungstate and stannous 
chloride. When a solution of ammonio-stannic chloride is added to 
a solution of anirnonium paratungstate, a white flocculent precipitate 
is formed, presumably of stannic tungstate. ^3 jt is soluble in excess of 
the tin salt. 

Tungstic Tungstate, or the blue oxide of tungsten, is described 
on }), 2()(). 

Uranium Tungstate. -When ammonium tungstate is added to a 
solution of uranium tetrachloride, a brownish-green precipitate of com- 
|)osition U(W()4)2.W03.()H20 is obtained.^^ This compound is used in 

^ Ajitlion, ./. 'prali. Gheni,, 1836, 9 , 341 ; Lefort, Ann. Chim. Fhys., 1878, [5], 15 , 321. 

- Annahn, '18(>3, 126 , 56; Zettnow, Pogg. Annaleyi, 1867, 130 , 16, 241. 

Zaml><)nini, ZcMsch. Kryst. Min., 1906, 41 , 63 ; Groth, Chemische Krystallographie, 
1908, ii., 394. 

Lefort, loc. vit. ® von Knorre, Bei\, 1885, 18 , 326. 

« (Jon/a,l(‘Z, ./. praJd. Chmi., 1887, [2], 36 , 44. 

" Smith, V. A-nwr. (Jhmi,. Boc,, 1922, 44 , 2027. 

^ I.oforii, y\v)i. (Jhimu Fhys., 1879, [5], ij, 470. 

JviumcJui AeAUdi., 1868, 4 , 34 ; Jahresber., 1868, p. 250. 

8 cl)a.('fcr, Dis.srrtaHon, Berlin, 1903 ; ZeiUch. anorg. Chem., 1904, 38 , 174. 

>> P>(*r/clius, /p/g. Aimalen, 1829, 16 , 385. 

Alltiino, Joe. rii. 

•*'' Lotz, Aanalcn, 1854, 91 , 49. 

K.amiiielsl)(.*rg, Pogg. Ayuialcn, 1843, 59> ’H- 
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the 


RouUTeirri^^^ phosphorescent screens for use in experiments with 

By t-he action of uranium sulphate on alkali paratungstates, com- 
c^^^Position 12Na20.6U02.8W03.25H20, 9 K 3 O. 6 UO,. 
3 . 0 - <it 2 U, and a corresponding ammonium salt, have been prepared.^ 
Uraiiyl compounds of composition UO 2 .WO 4 and U 02 .W 0 ,. 2 W 03 . 5 Ho 0 
are described by Lelbrt.^ 2432 

— Crystalline compounds of composition 
1 > 0 ) 2 \A 0 „ 2 \ b 203 . 4 Na 20 . 7 W 03 , and Yb 203 . 9 Na 20 . 12 W 03 have been 
o ) allied l)y lusnig together ytterbium oxide and tungstic anhydride, 
witli sodium chloride present as a flux. 

XT A double tungstate of composition 

'^ 1)7 has been obtained by dissolving yttrium oxide in fused 
sodium tungstate.^ 

Zinc Tungstates, 
as rhombic 

sodium chloride (2 parts), and zinc chloride (2 parts ).^ The 
hifdiate^ ZnW 04 .Il 20 , is obtained by double decomposition as a white 
amorphous preei{)itate, slightly soluble in water.® 
ilifu.nasifnfp V.i^n OWA qti r\ 1 


The anhydrous normal salt, ZnWO^, is obtained 
e crystals ^ by fusing together sodium tungstate (1 part), 

lloridf" (9. ni4T»fc'\ rni- _ 


7710710- 


3 . 01 x 2^5 IS obtained as needle-shaped 


Th<^ difMfigstate, ZnO.2VVO3.3H2O; 

<*rysta.ls 011 aclding a zinc salt to a solution of sodium ditungstate and 
eonexiitra/ting the mixture.® It is soluble in 10 parts of water at 15° C. 

/ajic ParaJuiigsM^^^ 5 Zn 0 . 12 W 03 . 37 H 20 , may be prepared by the 
aeidition o( a zinc salt to a solution of sodium paratungstate.'^ It 
st‘pa.rat(Ts as wliite needle-shaped crystals, which, when heated, turn 
Vi'llow but do not melt. According to Rosenheim ® the salt contains 35 
niohaular {iroportions of water, of which it loses 28 on heating at 100° 
and 1 k‘ tlu^rr'rore i'orinulates the compound as Zn 5 (H 5 [H 2 (VV 04 ) 6 ]) 2 . 

According to von Knorre,^ however, the precipitate obtained 
on adding a solution of zinc sulphate to a boiling solution of sodium 
|)ara;tungstate (in molecular proportions 2 : 1) is a double salt of com- 
position Na2Zn2VV7()24.15H20, while if the temperature of precipi- 
tation is Ixvlow ()()° C., the salt contains 21 H 2 O. Using ammonium 
para.lungsl.at(‘, the double salt, (NIl4)20.2Zn0.7W03.13H20, has been 
obta.iiu‘d as \vhil.(‘ lu^edlcs. 

Tlu‘ Iriliuigsfate, ZnO. 3 VVO 3 . 5 H 2 O, and the acid salts, 9 Zn 0 . 22 W 03 . 
tJrdUO and 2 Zn(). 5 \V 03 . 9 H 20 , have been described. 


MF/rATiiNOSTic Acid and Metatungstates. 

It has alrea.dy been mentioned (p. 208) that the metatungstates 
{)oss(‘ss cliara,(‘,teristic properties which are quite distinct from those of 

* Gibbs, Ohrm. J., 1895, 17, 174. 

* aam,pL rvntL, 1878, 87, 748. 

IlinjboMi, ('Ifrvrs. K. Vet.-Akad. Fork., 1884, No. 5; Bull. Boc. chim., 1884, [2], 42, 
2; 188*1, p. 3iH). 

^ Mi<*h('!, Bull. Bar. min. de. France, 1879, 2, 142. 

*• {l<*iabrr and Forsbi-rg, Annaleji, 1861, 120, 270 ; Zettnow, Fogg. Annalm, 1867, 130, 
16. IMI. 

Lrlorf, .[uu. ('him. Bhyti., 1878, [5], 13, 321. 

‘ G(»n‘/a !(*'/, ./. iuukl. Ohem., 1887, [2], 36, 44. 

^ 'Avilsrh. ailorg. Ohem., 19i6, 96, 139. 

•* von Kat>rr(', B< r., 1886, 19? 819. 

Lot/., Aiuhflru, 1854, 91, 49. 
n Gibbs, Avar. (Jhvm. J., 1880, I, 1, 2L7. 
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CHIIOMIUM, AND IT8 

the d(‘rivatives of ordhiary timgstic ueith nnd Dial acid 

is dehiiitely known to exist, 'r}u‘ aiuinoniuin sail was tirst obtained hy 
MargnerilU^^ who formulated it as (Nil |).dKd\\ ( )...rd l.d ). I.aunnd - 
first suggested tlie name 'Viuetatungstatt' '' and g’a\'c the composition 
of the ammonium salt as a(NH 4 ) 2 (). DsWCdij.d! 1 1.4 h 'riiat iht* ratio of 
base to acid |)resent was IH'*/) : 4A\'C);j was lirsf rt‘c<»gniscd by L(jt7.d* 
and a large number of salts were |)rt‘par(‘d and examined by Sclaabha* 
and i\hirignac‘.‘'' The former observed Unit all mctalungstal{*s ar(‘ 
dehydrated witli didieulty, and that the r(*sidui‘ after eomplet<' <‘\puision 
of watx‘r at a higli hmiperatxire no longta* possesses tlie |mjpcr{ics of 
a, nudatungstate and is insohd)U‘. in waiter. 

The deiiydration of nuTatiuigstates was inv(‘stigate<l !)y Kricdlulmf* 
who found tha,t the j>otassium and ammonium salts lost all but I moh*- 
eular proj)ortion of water at lOO" C’., whilst tlu* s(Hiiium barittm, man- 
ganese, cadmium, a,nd lead salts retained mohaadar proportions at. 
100*'’ C., and with the exception of the haul salt st ill eoidained I mohsadar 
proportion U}) to 220*^ Ch lie tlu^refore eom*hnltHl that part of tin* watta* 
content was water of constitution. Uowtncr, mmli dilluadty was 
eneountertxl in determining tlie actual <‘onst itut ion of the aeiii and its 
salts owing to tlie inicertainty of didnalrat ion cxperimeids at too to 
120'' C. as a means of d<‘termining water content, ami btaaiuse of tlu‘ 
dilhculty of distinguisldng betwcim watm* of ei*ystallisation ainl water 
of constitution.'^ 

Furtlier light was l)rought b) tlu* subjt‘ct, ho\ve\(a\ i>y (V>paiix»^ 
who obstTved that tnu* isomorphism i*xisted ladween mi*t aiuitgsti<^ 
acid and tin* complex luT(n‘o|)olya.cids, Ijoro-, phos|)tio*, and silicie 
tungstic acids; a,nd also ladween ci'rtain salts of tlu'st* aidds, h>f 
example, the ainmonium, jmtassiuni, and lairitim salts* lb* tlicrefore 
conclud(‘d tliat these eompoimds slioid<l have similar cimstitidions, 
although it was recognised thai eom}>onnds of high molecular \\<dght 
oeeasionally t*xhibit isomorpivism witli otlu'rs which are not of similar 
(xmstibd.iom He prepared a new hydrated potassium metatunustate, 
of composition K 2 (). tV\'().|.(e5lI.>() (see p. 2M)), which was isomorphous 
with tlu* eorresj)ondi ng horotungstaU* and siliisd ungstattx and hy 
ineixxising the m(‘tat.nngstate Ihrmula sixfold, he fornndat(*d tlu* three 
compounds thus : 

5Kd).{lt/)-id2 i.\\( K 

4K^().(2Si()2,2 t\V(),d.at5l U )* 

‘ Mfirgnoritte, ./. Pharm. 1845, 13t 7, 222; Amt. Uhirn, HniA, IHUt h’lf 17, 

470. 

® t.aun‘nt., ('(yinpt. rv.ud,, 1B47, 25, ri3H ; <*hhn. Pht/.s., IH17, |3|. ;;i. m, 

bot/,, isai, 91 , 49. This wan tU<4io, d«o. (ittm. /Vig r.. 

19 1 50 , f) ; and Tersoz, iVnV/., 1804, [4], I, 93. 

^ SclHshlcr, ,/. prakL Oktmi,, 1860, 80, 204 ; IHtU, 83, 273. 

■' MarigiuKs Vompt, rend., 1862, 5$, 888; /bon ('him, ida/M,, IKiri. |:*,), 69, 3, 

I''ri<Mnn‘itiu Oim rtiUkm, Kj>(»n>m.g.na-Ur<4Hgati. 1SH2. 

" Copaux, (JompL rend,, 1908, 147, 973 ; 1909, 148* 633 ; .bon Chi-w. Pht/'^.. i9a9. |S|, 
17, 217; Ztitseh. anortj, Chem., 1911, 70, 297; 1912, 74, 331 ; Un^ nlH iui ;mil Knlm. 
iltid., nun 69, 247 ; Kosciihcim, ibid,, 1911, 70, 41K; iaiC. 75, 1 U ; ln> i-ulaun :uul 

ibid,, 1912, 77, 239; lioscidiciia au<t Scluscr, ibid,^ 191 (, Ho. m ; lOi i iiluaia, 

ibid,. I9ir>, 93, 273 ; linsatihciin, Pitek, niul Pin.skrr, ihiti,. b.mi 96. 133) ; and 

Smith, J. Anitr. ('hem. Sor., 1904, 26, 1474; Uramit!, P>tr,, 191. s, 4H, fJ92 ; Prundtl and 

Ih'ciit, Zi'iisvh. anortj. (Jhem., 1915, 92, 198. 

^ (, '((paux, ('ompi. rend., 1909, 148. 633. 
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Siiiiilarly h(‘ ol)taineci analogous formulae for the barium salts : 

6Ba0.(3H20.24W03).54H20, 

5BaO. (B203.24W03).54H20. 

It is to l)e noticed that the molecular proportion of the base is not the 
same in tlie isoniorphous compounds, but it is striking that the taking 
oi: ;iIL>() as ^vaU'r of constitution should result in the amounts of water 
of crystallisation being the same. The idea receives support from the 
ra,(*t that tlu‘ |)ropertics of the metatungstates are remarkably similar 
to tlios(‘ ot the l>oro-, silico-, and phospho-tungstates ; for example, the 
salts and tluar acids are prepared by analogous methods, are readily 
solvi!)U‘ in water, and are easily crystallised. The free acids were 
r(>rrnnlatttd thus : 

(>1L>0.(3IB0.24W03).48IL>0, 

5H.0.(B.63.24W03).48H2b, 

4lL>0.(2Si6o.24W03).48lI,0, 

3H30.(P20,/24W03).48H30, 

so tliat nu‘ta, tungstic acid appeared to be a heteropolyacid in which 
water I’uiH'tioiUHl in the place of an acidic oxide. 

But. as Bosenlieim pointed out,^ the ratio of fixed HgO fo WO3 
(‘(|uals 1 : li at least, and probably 3 : 4, whereas in the given formula 
t.lH‘ ratio is only 1 : 8, and tins author suggested that a more satisfactory 
fbrnmla. might t>e olitaincd by regarding the acid as a co-ordinative 
a,<|iio-coin|)ound in accordance with Werner’s views — for example, 
n3|VV().(VV(),)3.(ri30)3] or H3[W0.(W0J3.H30]. After^ lurther^ in- 
vi\stigation - Coi)a;iix suggested a new formula based on Miolati’s views 
(s<‘C p. I CM ) a.ce{)rding to which the heteropolyacids are derived from 
c*(>-ordinativ(‘ saturated acids by replacing oxygen atoms by means of 
(a>m{)U\\ auions. Tims the boro-, silico- and phospho-tungstic acids 
ar(‘ i’ormulated : 


Mol ; Iis[Si(W30,)e] ; 


H,[P(W20,)e], 


l)eing deri\'<.‘d IVom the hypothetical acids, 

H,[B-Oe]; HaLSi'-Qe] ; H,[P O3], 

the basicity ol‘ which is determined by the difference between the valency 
of tlu‘ (*eid.ral c‘Uau(‘nt and the combined valency of the surrounding 
six grou[>s. Simihirly, the hypothetical acid corresponding to co- 
ordinalivc‘ saturatcal water is 


and l)y siil)stituti()U the formula for metatungstic acid becomes 


This is in ac'cordance with the general properties and isomorphic 
relat ions of IIk‘ acid aud its salts, but such a forimih^L indicates a deca- 
l)asi(‘ a(‘id, whereas, with tlic exception of an ill-defined mercury salt 
(sc*i* |). 23fi), ojfiy h C‘X abas ic salts, IVI (}M4[Il2(VV2^^7)()j5 have been obtained. 
Even with sue.li a weak base as dimethy 1 pyrone,' the salt produced is 


' jldsctilu'iiii uiul Kohii, for. aX 

- Fvosi'iihciin, ZvUwJi. anorg. Ghem., 1911, 70, 418; Oopaux, ibid., 1911, 70, 297 ; 


1912, 


74. lidl. 
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(C71 IhO.>)<;JI^o 1H4 ^VoO This low i)asi(‘ity luay I)i‘ dor to tlu‘ in- 
stability ot^tlu‘ luiiw but at prusiait ntHais (‘xplauatiou. However, 
tlic above rornuibi a{)})ears to eouforiu with our |)rt‘st‘nt stat<‘ oi knoW” 
led^e and is tlie most satisia.(‘tory \'et sui^^<‘sti‘dA 

Metatungstic Acid, or H|,JJ;io(W207)j;].iUi., was 

hrst isolated !)y Selieibler •* by de(‘omposin.u' tin* barium salt wit h dihd(‘ 
sulplnirie. acid, hlterinm* tlie mixDire, an<i evaporal iti^' tlu' tilt rat iii 
vacuo over sul{)hurie at‘id.'^ It may also l)(‘ prt'parc'd : (1) l)y d(‘eom~ 
posin<.>; lead rnetatmy^state with hydron;tnj sidphi<l<* : 

PbWjOj, ! lUS IL\V,Oki ! l^hS ; 

the excess oi' liydronx^n sulplnde is displaeed from the hlttax'd solutioti Ijy 
passin!L»* a stream oi' (‘arl)on dioxid(% and then on ixmetsd rat ion iu vacuo 
small yellow oetalualral crystals ot nu‘tat un^^stie acid an* d<‘posiied ; 
(2) l)y the addition of <‘th<'r and eoncentrate<l tiydroehlorie (or sub- 
plniric) acid to a. eon(‘entrat(‘d a<|ueous s^alufion iA' ammonium mt'ta- 
tun,i»’stateJ’ Tlu* licpiid s<‘parat(*s into thn‘(‘ layi*rs, tin* lowest ol Nvhi(‘h 
is yellow and (‘ontairis tin* fna* a<*id tonether with t'iher and tin* min<*ral 
acid. The rr(*e met atu nestle acid may lx* obtained by ('\'ji|iorat ion in 
a currc‘nt. of air ; it s(‘parat(*s as (‘rvstals of eomposit itai H2\\ 811,^0 

and H.AV,()i,.(>It/>: 

Mctal.uni»'sti<* acid is readily solubh* in watt‘r ami is reterred to in 
tlie (*arli(*r literatun* as the s(>luble tiydnde of tunn'stie ac*id. iin* 
a.(|Ueous solution, whi(‘h Is (*olourl<‘ss. lias a mark(‘d arid rea<*tion ami 
a pninounced bitter taste. 'Flu* hillowin*^ table ^p\cs tin* sohdhlity of 
the acid at di('h‘n*nt t.<‘mpi‘ratun*s and tin* di'nsity of tin* solid ions 
(Soboleff) : 


4\*mp‘*nU.un‘, 

"0, 

Oi'anis 11 4< D*' 

in loo ijraius 11.4). 

! i 

1 ( trams HAV^O,/ in ! 
1 100 < Jrains 11,4 ). 

! Denfdty. 

0 

4. 1 -5 

r 

! an- 141 

1-602 

22 

88-6 

1 75-(in 

: 2*o2t 

^1.3'r> 

1 1 1 •!) 

! VI5-5I. 

! 

j :n63o 

1 


The density of solutions of various (‘onct'uiraiions may be deducted 
from tlie formula, : 

Dr;,;.- 1 Hb(HhH)3p \ > OtHHHIbM- 1 p^ 

where p cent. W'O.j prt*s<*nt. 

‘ K,os(‘nlicinn /^l itsrJi. nuartj. 11 ) 12 , 75 * btl, 

“ S<T a!s(> niViflVr, ihid,, 11)11), X 05 , 26. 

•* Sch<‘il)I<‘r, ./. fmtki. IHcfl, 83, 3|(); JlttlL »SVif, 1H62, 4 , 2311. xIho 

aofiijd. n ioL, IH-IT. 25, 338; Ann. China Chi/-*^,, 1847, |31, 21, 31 
’ S(M' also !*('-< -ha I'd, .1/ee ('him. 181)1, pp, 22, 262; SobohdT, Zritfieh, (tnor(v 

Chtni., 1 81)6, 12. 16. 

t’ondi(‘i', ait':iivijs!irr. K. Akad, Ibi.w, Wivia 1862, 44 , 164. 

'» noNcida-iiu and Kohn, ZviCi'k. anooj. (Jhrna, 1611, 69 , 217. 

^ 'riii,: foi'inuia, uMcd liy vSidndcdT, is «a*roa(Mni8 ainl does n(4o‘X|jr«‘HS tin* phuHr la widt'li 
till* Solute is prc-'.eid. 

V ahu's caleulafe*! hy prt'.sutii author. 

Schcihler, J. prnkt. (Jhena^ 1860, 80 , 204 ; t 86 I, 83 , 273. 
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The acid is insoluble in ether except in presence of a mineral acid.^ 
With absolute alcohol it yields a colloidal solution. 

The crystals of metatungstic acid are isomorphous with the hetero- 
polyacids Si02.12W03.26li20 and P2O5.24WO3.5IH2O ^ (see p. 234), 
and determinations of hydrogen-ion concentration in solutions of the three 
acids show them to be of about equal strength and somewhat stronger 
than phosphoric acid.^ Dilute solutions of metatungstic acid are quite 
stable in the cold, but more concentrated solutions gradually precipitate 
the white hydrate, At 100° C., first white and then 

yellow tungstic acid separates, even from very dilute solutions. 

When a solution of metatungstic acid is electrolysed, it is reduced 
to a blue solution,^ lower oxides apparently being formed. 

The crystals of metatungstic acid effloresce readily in the air. They 
have a density of 3-93.^ On heating, the crystals lose water, becoming 
anhydrous at about 180° C. 

the metatungstates, M-2W40i3.aq. or M*6H4[H2(W207)6].aq., are, 
with the exception, of the lead and mercurous salts, soluble in water. 
The general methods of preparing the alkali salts are described under 
potassium metatungstate (p. 240) ; other metatungstates are usually 
obtained by the addition of the sulphate of the metal to a solution of 
barium metatungstate, or by neutralisation of metatungstic acid with 
the oxide or carbonate. Solutions of metatungstates possess a more 
bitter taste than those of ordinary tungstates. The salts crystallise 
only after prolonged evaporation in the cold, whilst from hot solutions 
gummy residues are obtained on concentration. 

In acid solution, metatungstates precipitate alkaloids and other 
organic bases, while ether in presence of a mineral acid precipitates 
metatungs tic acid . 

Ammonium Metatungstate yields two hydrates: (1) (NH4)2 
W4O13.8H2O or (NH4)eH4[H2(W20,)e].2lH20, and (2) , 0 ^,. 

elLO. 

The former is obtained (1) by prolonged heating of crystalline 
ammonium paratungstate at 250° C., when ammonia is expelled, the 
residue then being dissolved in water and allowed to crystallise (2) 
by boiling a solution of ammonium paratungstate for several days and 
then allowing to crystallise ; ^ (3) by the addition of nitric acid to a 
solution of an acid tungstate of ammonium, filtering and allowing to 
evaporate (Laurent) ; this product is contaminated with ammonium 
nitrate which can be removed only with difficulty. 

Ammonium metatungstate crystallises in large, lustrous, tetra- 
gonal octahedra, with axial ratio a : c=l : 1*012,® isomorphous with 
the potassium salt and with ammonium borotungstate, 5(NH4)20.B203. 
24WO3.52H2O. The crystals, which are colourless and transparent, 

' Rosenheim and Kohn, he. cit. Compare Soboleff, Zeitsch. anorg. Ghem., 1896, 12, 16. 

Copaiix, Ami. Chim. Phys.,^ 1909, [8], i7> 207. 

Rosenheim-and Braner, Zeitsch. anorg. Ghem., 1915, 93, 273. 

Leiser, Zeitsch. EleMrochem., 1907, 13, 690. 

Soboleff, he. cit. 

0 Scheibler, he. cit. ; Peraoz, Ann. Ghim. Phya., 1864, [4], l, 93 ; Mariguao, ibii., 
1864, [4], 3, 71. , 

^ Laurent, Ann. Ghim. Phys., 1847, [3], 21, 64; Lotz, Annalen, 1854, 91, 49; Riche, 
Ann. Ghim. Phys., 1857, [:l], 50, 5; Taylor, J. Amer. Ghem. Soc., 1902, 24, 629. See also 
Margueritte, Ami. Chini. Phys., 1846, [3], 17, 475, 

® Copaiix, Ann. Ghim. Phys., 1909, [8], I7» 207. 
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and vvh concd^nkrs. 

on lieatinn' melt in the watta^ of crystallisation an<l at DH) i\ los(‘ 7 
m(>le(nilarl)n)|)(n^^^^^^^ ot water ; tlu‘ rtanainino' nu»l(‘enl(‘ is no! ('XjuRcd 
below 200 '' C. Tlie salt begins to losi^ amnuaiia at 120 it, ami at 
250“ V. it is converted into a uRiss-like colloidal ' tunj^stide (srr 
|). 213) of composition (NH j) 2 VV(}()|i,. 1 or 

it dissolves in water : 1 part of s;dt in 0*S 1 part, ol' water at 15 ('.d‘ 
and 1 {>art ot sidt in 0-35 part of wat(‘r at 1-5 ’ (‘/' t3u‘ soluti(»n is 
mairlN' tunitral and is lii.u'lily retractive. Idie salt is insolul)k‘ in alcohol 
or et.lua'. 

t'ht^ lu^mlnjdrate, (Nil.OoW.iOi^.bH.C), is formed l)y tresituru' a. liot 
solntion of the salt with alcohol and allowino' th(* mixture to (*ooh 
wlnai it separates in monoclinic prisms. Its crysiallo^raidiie (‘hammts 
arc:‘ 

a : b : C:-t)*8l21 : 1 : 0-71)03 ; /3 05 0 . 

At lOO" (t it los(‘s 5 mok;‘ctdar proportions of waler;^ 

An avid salt, 3{Nil se|>arales as (‘olouriess 
crystals on (‘vaporatiiyi^' a/s<tution of tin* nutatnivastatc eontaininc’ 
liy tlrocliloric: a.(*id.‘^ tt\e‘ crystals rapidly ttllon^scH' in tin* air, and at 
100“ it lose about t'he salt yietds an acid solution with wafer, 

\vhieh on evat^oration d(‘})osits tlie m(‘tatnn,a'state ai^uun. 

A douhle compound of (*omjH>sit ion Nil iNO, 5.21 tt) 

sei)arates on evaporating^' a stdntion containing anunonitjm nn‘tatun‘t“ 
state atul exc<*ss of a.nnnonium nitrate. It yi(*}ds ln*xa‘‘nnal prisms 
which ar<i d(*comj)os(‘d by wa.t(‘r. 

Barium Metatungstate, BaWiOi-j.OiLO or Ba.jll j] M;(\\ 
25 H 20 d^ is {)re])ared by mixing* Imilin.^^ <'onc(‘nt rated solufionx if sodium 
nKtivtiui^’statt‘ a.nd l){irium (tiloride^ in th(‘ {)r<‘st*m*e of a liUli* liytiro- 
chloric acid and allowin.u to cool. Thv revsultin.u' vrysUils contain some 
tritunj>'sta.le, but this can bi* removeal ]>y retaystallisation. t'ln* crystals 
arc lustrous, inilky-wliite, rlmmbic l)i|)yrajni<ls, with a^xial ratio 
a : b : c‘ ()-91)(>2 : 1*: D5070,^ and isomor|)hous with l)arium boro^ 
tun^^state (see j). 231). Density 4*208 at M“ (t Thv sn\l is de<H)m" 
pos(‘d by water. When luaited to 100' (A it loses iwodliirils of tin* 
wat(‘r present. 

Beryllium Metatimgstate has been obtained in fim* lamina* 
whieli ar(‘ very d(‘li(|m*set‘nt. 

Cadmium' Metatungstate, GdW^jOj.j.lOIDO, is fornu'il i>y tbr 
addition of barium in(t;atini<fstate Uy a sohition of (*admiuni sulpbatt*.'^ 
It yields lustrous o(‘tah(alral crystals with axial ratio a. : <* 1 : 0'00305» 

It is stable in tin* air, and on lieatin.t^ at 100 ' lo 110 it lost*s Tll.t), 
the reniainin.ia wal:(‘r only bcin<j^ ex|)cll(‘d at a. much hi<^du*r t<‘mpera{urt‘d'‘ 
Calcium Metatungstate, CaW^Oj.plOILO, is fornnal by lh<* 

« T.'ivlor, J. (■/ivm. 0)02,24, 020. * l^oly., Afnidirn, lH.VI. 91 , 10. 

Aim. ('him. Pln/s., 1857, \n\, $0, 5. 

Manuamc, Aim. ('him. Phif.'i., 1804, 141,3, 71. 

’* Marigiiac, ('onijit, rnui., 1802, 55, 888; Ann. ('him. 1802. |2], 69, 5; tVitn! 

Iiciin, Oi.'isrrtniioii, 1882 , 

i)inVr(‘n,t. (‘sliinaics of llio amount of water proHoiii fiavo toon vivt-n Zrttjmw, 
Aimairn, 1807, J30, 10, 241; WyrouhoO’, Hull. Sor. frnm;. Miu., 1802, r.S, OiO : 
Ccjpaux, Atm. ('him-. Phijs.. 1000, |8|, 17, 207 ; Zv/il^rJt. annnj. ('htm,, 1012. 

• \\’yroul){»l'f, hir. rit. ; Hroth, (Miimi'mlm Krt/^'ituUtujrnphit^ tOOH, ii., OOO. 

Soh<41)l(‘r, ./. pi'dkl. ('tnin.. 1800, 80, 204; iHOi, 83, 273, 
f W^yroubolT, i(n\ cit. Rnodtudiii, lm\ dt. 
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action of a hot solution of metatungstic acid on calcium carbonate i Tt 
ciystalhses with difficulty, yielding triclinic pinacoidal crystals, 

a : b ; c = 1.0070 : 1 : 1.3694 ; a=91° 1 ' ; ^=93° 0' ; y=9o'° 16' ^ 

O-SHaO and are rhombic bipyramids, with axial ratio, 
a : b : c=0.9878 : 1 : 1-3764. 


G“W,0,3.nH,0,is obtained by Scheib- 
Ici s method, and yields laminae and tables which probably belono* 

(see p.^Sr'" ^ with Lmonia 

Ferrous Metatungstate, prepared by dissolving iron in meta- 
tuiigstic acid, IS crystalhsable ^ but difficult to obtain pure. The ferric 
salt cannot be obtained by crystallisation 

Lead Metatungstate, PbW, 0 , 3 . 5 H 30 , is obtained as a white 
llocculent preciintate by double decomposition.* It is insoluble in 
soluble in hot nitric acid. However, by the addition of lead 
tut rate to an alkali tungstate solution, a crystalline precipitate has been 
obtained '' ol composition PbWA3.Pb(NO3)3.10H3O. This is only 
very slightly soluble m water, and when heated it loses THoO. 
o Metatungstate cannot be prepared by either of 

Scheibler s methods, i.e. by neutralising metatungstic acid with lithium 
carbonate, or by adding lithium sulphate to a solution of barium 
nietatungstatc. The anhydrous tetratungstate has been prepared 
(.see p. 220). ^ ^ 

Magnesium Metatungstate, MgW^Ois-SH^O, is obtained by 
double decomposition.* It yields lustrous monoclinic prisms with ^ 

a : b : c=0.6763 : 1 : 0-7792 ; ^8=106° 43'. 


Manganous Metatungstate, MnW^Oig.lOHaO, is also obtained 
by double decomposition. It forms beautiful light yellow quadratic 
octahedia, a . c=l : 0’9919," permanent in the air. On heatinv at 
100° C. to 110° C. it loses 7 H 2 O, the remaining 3 H 2 O only beino' 
expelled at a much higher temperature.® ‘ 

Mercurous Metatungstate, Hg2W40i3.25H,0 (?), is obtained, 
according to Scheibler, on adding mercurous nitrate to the free acid or 
to an alkali metatungstate, as a white bulky precipitate which shrinks 
considerably on drying and assumes a lemon-yellow colour. Friedheim, 
however, was only able to obtain the paratungstate by this means’ 
while Copaux ’’ by treating concentrated metatungstic acid with 
mercurous nitrate solution obtained crystals in which the ratio 
I lgaO : \VO.j was equal to 1-7 : 4. A compound of composition 

^ Sciieibler, loc. cit. 

^ WyroixbolT, loc. cit. 

•* ISchoibLcr, loc. cit. ; Wyrouboff, loc. cit. 

Sclicibier, loc. cit. ; Friedheim, loc. cit. 

lloscnheim and Kohn, Zeitsch. anorg. Ghem., 1911, 69 , 247. 

Friedheim, loc. cit. 

Cnpaux, Zeitsch. anorg. Ghem., 1912, 74 , 351. 
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(>l)taiiu‘{i. This ma\’ l)c i\>naii" 
hited as II|>'’s^J 2 lJ^ 2 p^ which is of iiiitaH'si. in 

that tiu' rncta tungstic a<.*i<l (‘xhihits a. hi<»iicr basicity than is usual. 

Nickel Metatungstate, NiW.jO|.>.8ILO, is I'nnmal t)y dnubh' 
(lecoiupusition * and yields nioiuxilinic |)risnis and tatdes with cnslallo- 
grapiiic data,“ 

a : 1) : : 1 : O-T-bi t ; /3 10<) ' 22h 

Potassium Metatungstate may h(‘ j)n‘|)an*d l)y th(‘ Ibllowini'* 
methods : 

(1) A sohition of tlic {)aratiui^’sta.t(‘ is !H>iIcd witJi exet'ss of the 
yellow tungstic acid until the liltaa'cd solution no longta* gi\a\s a |)r(*- 
d{)itatc with hydrocldoric acid/^ It is then conct'ntralcd ami allowed 
to crystallise' slowly o\a'r sul|)huric' acid. 

(2) A large excess of acetic; acid is addc'd to a. saturaUsl solut ion of 
|K)tassium paratungstatc'. A lu‘a,\’y oily hiyc*r, (‘onsisting t)f a conctau 
trated solution, of the tncrtatungstadc', I’orms at l lu‘ l>ot tom of the' \a‘sscld 

(3) A miiu'ral acid in (H)iuH‘!rtrat<‘d solution is addt'd to tin* |)ara- 
tungstat.e solution until tlu' |)rcH*i|)ita-t(‘ no longer rcdissol vcs.' Idu* 
solution is tlu'ii (*(>n(H‘ritrate(l and allow(‘d to (*rystatlisc, 

(4.) An a,<|ueous sohition of n(>rmal potassium (ungstati* is ch/ctro- 
lysed in a. (‘cll in which the (‘h'ctrodes art' s(*|)a,rat(‘d by a diaphragm.*’ 
When the anodic solution contains sullicac'ut, tungstic acid the midn- 
tungstatc; is fornu'd. 

Potassium mctatungstale usuallv canstallist's as tlu' (Hidin/firafe, 

1 1 A), he. K, 1 1 ,[ 1 1 ,( W A). ) * 12 1 1 1 A ), yic'lding t('tragonai tn'ta- 
hedrah*^ which, clllorc'sct; and at lOO" V, lose' st‘V(*n«(*ighl hs of the wati'r 
|)resent. 

Long lu'c'dle-shapc'd crystals a, re also occasionally ol>tainc<i wliiidi 
arc probably identic'al with tiu' hydratex K2V\'A)ju4*‘*hdlA), otdained 
by C'opaux in hexagonal ])risius, witli axial rat it) a : 1) I : d'hotK 
isomorphous witli potassium boro- and silicantungst at.es (sta' |). 23I-), 
Tlicse crystals, likt' tluar isornorplis, tvxhil)it dcxlroroiattirv ))owt‘r, 

1>4> 

Tlu* pvntaJiifdratv, K.jj\V,/)j.}.5MA), is obtained ^ by adtling ah'ohol to 
a. solution of tJu* nu*tat ungstntt*. and warming tlu* inixtnro until thr 
pn'cipil.atc* n*dissolv(‘s ; on cooling the resulting solution, mono(‘lini(* 
prisms se|)arat.c. Tlu'si* crystals arc* not cdllorcsc'cait and arc readily 
solul)l(‘ in water. Their (*rystn,il<)graplue data, arc* 

a : b : e ()-5t)4-5 : 1 : OUMHKl ; ^ 123 Oh 

When lu'aicd at 1 ()()*' (h th(‘y lose t mol<*eular proportions <jf water. 

Rubidium Metatungstute, RIkW^Oi.j.HILO, is tbrmed b\- <louhh' 
d(*e()niposit.ion and yields efllorc'seeut, tc*t.ragonal crystals, with axial 
ratio a. : (* 1 : O-OToi**^ 

* Selxnblt'r, ./. prahi. ( 'ht ni,, 180<)»Bo, 2iM ; tH(U» 83 , 273. 

- W'vreuholT, (lull. Sor. fning. Min., 1892, 15 , CKt 
Schcihler, (or. rit. ; ( opaux, ytH.». V/iim. Ph}ps,^ 1009, (Sj* 17 , 207. 

MaigurriMi*, .hoe (liitu, 1840, [‘tf 17,475. 

•* Scliju-iV?’, Z( ilsrh. tinory. (Jhr.m.^ 11)04,3$, 1*12; LetierauHiT, K(*litfi(l, Kriisrh., 11)22, 
30, 340. 

« St4u‘ibler, he. eit ; Marigiuux (kmipt. tend., 1802, 55 , 8HB ; Ann, CUtim.. IdiifH,, 1803, 
131,69,5. 

^ C.y,j|)?iux, Vompl. rmd., 1000, 14 S, 033, 


^ .Miirignac, lor. rit. 
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Samarium Metatungstate, Sa 2 (W 40 i 3 ) 3 . 35 H 20 , is formed by 
double decomposition. The crystals are readily soluble in water 

Sliver Metatungstate, Ag^W.O^.SH^O, is prepared by mixiiif? 
togetner boiling solutions containing equivalent quantities of sodium 
metatungstate and silver nitrate in the 'presence of a little nitric acid. 

solution deposits a crust consisting of microscopic 
octahedra, which readily dissolve in water and may be recrvstallised 
(by allowing the solution to evaporate) over sulphuric acid. "The salt 
decomposes on heating. 

Sodium Metatungstate, Na^W^Oig.lOH^O, is obtained by 
methods analogous to those described for the potassium salt. The 
salt crystallises in colourless glistening tetragonal bipyramids, with 
axial ratio a : c = l : 0-9930,^ isomorphous with ammonium, cadmium, 
and manganese metatungstates, ^ and of density 4-04.3 The crystals 
are very efllorescent, and if placed over sulphuric acid lose most of 
their water.^ When heated they lose THgO per molecule at 120 "* C.,^ 
and at 240° C. only IH^O remains, the residue after heating at this 
temperature being still soluble in water. The remaining water is 
removed at red heat, and the residue is insoluble. 


One part of water at ordinary temperature dissolves 10-69 parts of 
salt, and the resulting solution has density 3-0 19, ^ whilst at 19° C. one 
part of the salt dissolves in 0*195 part of water. ^ The solubility 
increases greatly with temperature. The equivalent conductivities of 
solutions containing one gram-equivalent in v litres at 25° C. have been 
determined as follows : 


v= 32 64 128 256 512 1024 

A = 89-3 98-7 107-6 116*6 126 134-1 

According to Schon ^ cotton which has been soaked in a solution of 
sodium metatungstate immediately becomes blue in daylight, but the 
colour disappears in the dark. 

A colloidal form of sodium metatungstate is obtained ® when a 
solution of normal sodium tungstate is treated with hydrochloric acid 
in the proportion of 2 Na 2 W 04 : 3HC1, and the mixture subjected to 
dialysis. According to Graham colloidal tungstic acid is obtained by 
this method (see p. 206), but all the soda cannot be removed by dialysis ; 
and according to Sabaneeff the solution remaining in the dialyser 
always contains lNa 20 : 4 WO 3 . On evaporation of this solution an 
amorphous product is obtained which appears identical in properties 
with the crystalline metatungstate. Biltz and Vegesack,^® after pro- 
longed dialysis, obtained a solution containing 2 Na 20 : IIWO 3 and 
expressed the opinion that colloidal tungstic acid was present. 

Strontium Metatungstate, SrW 40 i 3 . 8 H 20 , is prepared^ by 

^ Rammelsberg, Handbuch krist.-phymk, Chem., i., 579 (1881). 

2 Wyrouboff, loc. cit. 

'■* Sobolelt, Zeitsch. anorg. Ghem., 1896, 12 , 16. According to Scheibler, 3-847 at IS'’ 0. 

^ Friedheim, Dissertation, Freiburg-im-Breisgau, 1882. See also Sabaneeff, Zeitsch. 
anorg. Gherri., 1897, 14 , 354. ^ Scheibler, J. prakt. Chem., 1860, 80 , 204; 1861, 83 , 273. 

Forcher, J. prakt. Gheni., 1862, 86 , 227 ; Bull. Soc. chim., 1863, [1], 5j 197. 

Soboleff, loc. cit. For vapour- pressure determinations see Tammann, Mem. Acad. 
St PUersbourg, 1887, [7], 35 . 

® Schon, Jahresber., 1893, p. 136. 

Sabaneeff, Zeitsch. anorg. Ghem., 1897, 14 , 354. 

Biltz and Vegesack, Zeitsch. physikal. Chem., 1910, 68 , 376. 

VOL. VII. : in. 
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saturating a liot soluiion of nu‘tatmigst ie ac*i(t with strontium t‘arl)onat(‘. 
It crystallises in monoclinic* prisms, with crystallugi'aphic data, * 

a : b : c T-<)55() : I : 0-7h09: /3 It) 2^. 

Thallous Metatungstate, TloWjO,,. 311,0, is (>l)taiiH‘(i “ in a 
similar manner to the analogous silvc'r salt. It is a N’t'llowish- white*, 
almost insohil)le, crystallim* powder wliich los(*s 2 molecular |)ro- 
])ortions of water at 90‘^ C. 

Zinc Metatungstate, ZnW,iOj.j.l0H,O, is ol>taiiu‘d l)y the* addi- 
tion of zinc sul|)liatc to a solution of the barium saH .*^ I t. forms r(‘a(iiiy 
solu!)le crystals, according to WyroubolT monoclinic* prisjus, with 

a : b : c^^ : 1 : ()’T5a7 ; fi 105' 57'. 

If the salt is crystallised betwec'u O"' (h and 20 “ C. it contains only 

811 , 0 . 

PURTIINGSTIC Aeil) AND lb*:RTUN( iSTA'CHS. 

lly the action of iiiydrogi‘n }H‘roNi(k* on solutions of tungstic acid 
and tungstates, (‘ompounds analogous to the p(‘rsid|)imrit* a(*ids and 
persulphates are obiahu'd. Uy dissolving tungstem Irioxidc* in a 2 p(‘r 
cent. hydrog(*n p(‘r()xid(‘ solution at tin* lH>iling"j>oint , and evaporating 
the residting solution, a. yi'llcnv a.mor|)lH)Us mass r(‘sults,‘’ of (‘om- 
position W(),. 11,0, .11,0 and sohd>l(‘ in watt‘r to an acid solution. 

S(‘veral sodium salts have l)c(‘n pre})ared: 

Na,'\V,()j,.2ll,0 is obtMint‘(0^ as white* radiating <*ryst als by the* addi- 
tion of hydrog(*u j)eroxid(* to a hot sedation of sodium fairat ungstate 
and eva[)oration of tlie* mixture* in a vaeamm. M'he* e*rystals are* e‘asily 
sc)hil)k* in water. 

Na,\V,() 5 ,.(>lI ,0 re'sults as a yellowish-white eawslajline* fHovdeu' when 
tlu* above mixture* of |)aratungstate* and hydrogen p<‘roxid(* is pre*- 
cipitate‘d with alcohol.'^ In tins salt tlu* ratio of \\'0, to active oxyge*n, 
as dcte*rmin(*d by titration with |)otassium perjuanganate* in sulphuric 
acid sedution, is 1:1, whilst in the* above dihydrate* it is 2:1; this 
sugge‘sts that the* latte*!* is dcrive*d from an acid of constitution 
2\V0.}.II,0,, i.(\ U,\V,()„, and the former from an acid of e*onstitu- 
tion A\ O.j. I !,(),, '/.c. lloWOj^, of which lh>\V.*(h, is an anhvdro-a(*id 
(/.c. 211, WO, U,()).« “ “ ‘ 

Hy the* addition ed’ (‘oede‘d hydroge‘n i)ere)xidt* and ae|ue‘ous sodium 
hydroxides se>lutions to a (*oedcd solutioit of seHlimn p<‘rt ungstate*, pre- 
pare*d ac*e*ording to the* former method de*scribe‘d above*, pree*ipitatin,g 
with ak*edH)l at 12*' and drying the* re‘sulti!ig proeluct in t he 

air, ce)mpounds of com|)osition Na,0,.VVC)j.I !,( ), and Na,< 

11,0, I (Na.,(),),\\ O.J I 711, () have be*cn ol)taincdd‘ 'fhe'se* are* unstable 

1 \Vyr<)ut)«)ir, HulL yac. frant^. Min., 1H92, X5, (nl ; (troth, VhnnMir Kri/.'italhnjrnpfur, 
1908, ii., Itaeaihedanmcl Kolin, ZriMi. (tnnty. ('him.. 101 I, 69, 217. 

8c}i(‘il)l(‘r, J. prahi. ('fu m.. 1800, 80. 204; I KOI, 8x* 27:1. 

\\‘yr(iu})()n‘, l(H\ cit. 

*' Gainnu'ivi-, i'hvm. ZriL, IHIU, 15 , 1)07; Fiiirlay, 7’m/e.s (Jhrm. Nw*., 1877, 31, Mi ; 
I0^^a^j(•\v^ky, 67a’W., toot), 24, l()H. 

'* IVMianl, <’<>mp!. n ml. 1801. XI2, 1000. 8<‘<‘ iitst. RiatTUa- A! vine/., i'hvm. Nrwm 

DM 10, 94, 200. 

• Ri:'-.sai'jc\v.'.ky, Im'. rit. 

H /^ r-ere/.v ///f'/r {L(>agnrui 1012). 

-MclikolT aial Ri.sNarjewski, Jkr.. 1808, 31 , 032. 
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corn|)Oiinds, althougli more stable than tlie eorrespondiniT molybdcmim 
compounds (see p. 1.57) ; they gradually lose oxygen on standini^ in air, 
whilst watca' (‘aiisc^s raj)id evolution of oxyo-en, hydroo’tai peroxide l)eini»' 
found in the resulting solution. 

Tlie potassium salt, 1x2^4* WO, j.HgO, is similarly |)roduced by the 
action oi‘ hydrogtm peroxide and potash on potivssium pertungstate. 
It is more sta,ble than tlie sodium salts, l)ut exi)lodes when rul)bed or 
Iieated to 80° C. 

Tlie following compounds containing peroxidie oxygen have also 
l)een descrilied : 

Potassium Fluoroxypertungstate, 2KF.W0.5F2.H2^-^ 

Sodium, Ammonium, and Calcium “ Ozotungsten ” Oxa- 
lates : “ 

NaoCo0i.W0,.5Il.>0, 

(Nir,*).C.>0,.W0,.lL,0, 

CaC2o;i.wo,.n20. 

Sodium “ Ozotungsten ” Tartrate.*^ 

TuNOS'rKN H KONZKS, 

The com|)oun(Is known as tungsten ]>ronz(‘s are r(‘duction |)rodnets 
of t}u‘ tungsta.tes of tlie alkali and alkaline eartli nKd:als. Their exax;t 
constitution is not known, tint it is generally rt^eogniscxl that the mole- 
cul(^ contains se\'(‘ral luvxavakait tungsten atoms and one tetravalent 
tungsten atom, a.nd may lie n^jirescaited by tht‘ formnla. 

WOo* Th(‘ (anpirieal formula. a,c(*ordingly beeonu^s II' 2 ( WO;{)um i* 

I'lie sul>staiic(\s ha.v(‘ been designated a,s tungstcai lironzes Ixxxuise, 
owing to i.Iudr remarkafile projierties, they may he ustal as sulistitutes 
tor lironze [lowcha's, 'I'liey all poss(‘ss (^xtrenu‘ly vi\h(l colours and are 
(|uit(^ insolul)U‘ in water. Strong acids, including hydrolluorii; acid, do 
not attack tliem ; evcai hot aejua. regia. lias only slight a.ction. ITiey 
are deeoni))osed, iiowevcr, by (usion with alkali, sul|)hur,'’ aimnonium 
|>(a‘sul|)hatc, or a,mmonium hydrogen sulfiha.te. 

The tironzes may he otitained hy th(‘ following nietliods : 

(1) Keduetion of a,M acid tungsta.te hy hcaiting in hydrogiai or 
(‘oal gas, or hy fusion with nieta,lli(* t in,*' zim*, or iron. 

(2) Kle(*trolytie rtahurtion of a. fuscui a,(*id tungstatt* ; or ol' a. fuscal 
mixtun* of lungstie acid with the recjuisite (|ua.ntity of a, nK‘ta,llic ear- 
hona.U* ; or ol’ a. solution of tungstic acid in a. fnstal mixture? of iUka.Ii 
chloride's, “ the* ratio of tamgstie a,eid to (tiloride* being grt'atea’ t han 1 : 2 
(se'C p. hSl-). 

(8) Synthe'sis by (using together a mc*t;a.llie tungstate, either acid or 
normal, with tungsle*ii dioxide*, in absence of air.*‘ 

Tlie? tironzes are* otitained in tlie crystalline form, ge'nerally as erulies 

‘ ZcHsc/l anortj, 181)2, 2 , 2 h 

« Ma,/zu(:(‘.lu‘lli and In^hilleri, Aiti U, Aemd. lAmwi^ I DOS, [5], 17 , it, 30. 

Mazzucc.iu'lli and Boiyhi, (Uizzetta, 11)10, 40 , ii,, 211. 

^ Widdar, Annalvu^ 1S24, 2 , 345. 

•' Wright, Anitalvv,, 1851, 79 , 221. 

« Scludbh'r, Uh\ ril, ; 8 taveaihag(ai, Bvf,, 1899, 32 , 3004. 

’ t'ng(‘ls, ZriUsrIi. anorg, OheniH, 1903, 37 , 125. 

« and H. H, Kahhaibea'g, Tmns, Amer. Elv.elmchem. 1924, 46 , 51. 

Bnamer, DisscrtatioTif J^urioh, 1903, 
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or iict‘(lles, and exhibit colours rani>’ini»‘ iVoni i4’ol(l(‘n y(‘ll(»\v io \ ioIct and 
dark blue, a nietallie lustre also bein<r soiU(‘tinu‘s (‘\ i<le!d, llu* (*oiour 
sonietiiues varies aeeordini4' to wlietlua’ th(‘ bronze is dry or moist, aud 
suspensions of a. iinely powdensl bronze ofltm show by transmit t<‘d 
lii»‘lvt tlie colour vvliieh is eomplemeniary to its usual eotour. 
bronzes show metallic pro[)erties in Ixan^ of hi^h (hmsity, i>-5 to 7-5, 
and excellent condvietors ot‘ (‘lecirieity. ddu‘ diHiculties which are 
eueountered in the analysis ol‘ the ttm^states {st‘(‘ p, 2 ()S) an‘ (‘nhanecal 
in the case of the bronzes by their insolubility and resistance to ordinary 
rea,i»’euts. Tlie ditrieulty of determining wiudlua’ a produ(*t is homo- 
geneous or not, and the facd that tlu‘ sanu' m(‘tliod of prt'paration will 
sonietimes give totally diffenait produots when r(‘{>(‘at(‘d, haul to doubt 
as to whether ruaiiy oi’tlu' bronz(‘s di‘seribed in t lu* litcu’atuia* ar(‘ dihiniti' 
convj)ounds. For example, von Knorixx })y lusing toget lua* (sjual nayle- 
cidar {)ro|)ortions ol’ soditim and |)ot.assiiun paraiimgstatt's, and lieat- 
ing tht‘ mass to redness in hvdrogxau obtained on on(‘ ot‘easion a purpl(‘- 
red sodiunopotassium bronze to which lu' ascribed the eom|)osition 
and on anoth<*r occasion a darker rtal bronze 
of composition 2Nao\\’.j()5,.2KoVV,i()j.j. ^ 

The bronzt's ar(‘ giaua'ally analys<‘d by (irsl oxidising <‘omph‘ti‘ly to 
tungstat(‘ and then d(4<‘rnuning t.h(‘ amount of mt‘lal and tungstic acid 
in the |)rodu(d. It is thend'on^ lu'cessary that th(‘ oxidation shotild b(‘ 
really cornplete and not mer(‘ly su|H‘rrKaal as when tht‘ lu'onzt* is Iu*al(*d 
in the air a rnetliod which has sonudinu's betm em{)loy<‘d. Wh'ihh'r 
suggested heating tlu‘ bronz(‘ with suj|)hur, de<‘omposing tlu‘ mass witli 
acpia regia., a.nd (‘stimating the alkali nu'tal and tungstic aend in s(‘parat(‘ 
portions of the licpud. A inon* satisfactory m(*tlio<i is dm* to Plnh|>pd* 
Tlie finely |>owd(Ted bronzt* is boihai with a larg(‘ exes'ss of ammoniatxd 
silver nitrate solution, and silver is pnsapitatial whiidi is igiut(*d and 
weighed. The silv(*r always contains a tilth' tungstic ac'id, whitii is 
left as a n^sidiu' on tnaiting with nitric a<*id and can lu' wt‘ighi'<l. 'idle 
tungsten and sodium an* (‘stimah'd in tlu* tiltrato from tin* siber. In 
this reac'tion the (juantity of sih'cr jUH'cipitatt'd is always proporliomd 
to the amount ot oxygt'ii ne(*essary for tin* eompleti* oxidation of tlu* 
bronze, so that llu* ratio VV(\ : VVO.^ is acs'urately obtaiia'd. If the 
bronze is ri(*h in tungst(*n it is neei'ssary to hi'af tin* mixtun' to afiout 
120" C. in ordt'r to obtain (‘om{)let<* (h‘<*omposit ioin 'I’his nahu'tion ol‘ 
silver nitrate by bronz(*s is n'uuirkable in vi<*w of tlieir staliihly towards 
ordinary oxidising agt*nts. 

The following bronz(*s luive l>(*(‘n desc'ribed : ** 

Lithium Tungsten Bronze, Lu'W^O,., obtained fw fusion of 
litliimn paralnngstatt* \vith tin') or by <*l{*('lr<)l\'sis of fnst'd lithium 
paratungst.a.fe ; *» d(‘(‘p }>lu(' mieros<*opi(! prisms. 

Bronzes ol <*oniposit ion Lio^VAh-i and la.dVAO.** art* deseritied trv 
Bruniu‘r.‘) 

Lithium Potassium Tungsten Bronze, Li.W.,C),j,,,3K.W4C)j.,^ is 

‘ von Knorr(% ,/. ISHS. |2|, 27, 40 . 

^ Chilipj), /irr., 1 SS 2 , 15, -Ilia. 

•* SmilhcUs [Tnuis. ('hvm. S(h\, 1022, I2I, 2230} .suggnsln tlin goHsilgo furmati.m <.f a 
Ihonuni tungslfn bronzi* in tlio Inagston tilinucnt Iain|». 

von Knorrv, ,/. pmkt, ('hnn., 1883, 12], 27, 40; Halt»e<nnu (Mm.pt. nud.. ISOS. 127 , 

8 t,av(‘nliag(«n, Her,, IStHi, 32, 30 fi‘l, 

^ Bfimaer, Zilrich, i0n3. 
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obtained as violet needles by reducing with tin a fused mixture contain- 
ing lithium and potassium tungstates in molecular proportions.^ 

Potassium Tungsten Bronze, K2W4OJL25 is obtained ^ by fusing 
together potassium carbonate and tungstic acid and reducing the mass 
by coal gas, hydrogen, or tin ; or by electrolysis of the fused para- 
tungstate .3 It yields reddish-violet prisms of density 7-1 ; a sus- 
pension appears blue by transmitted light and green by reflected light. 
According to von Knorre and Schaefer ^ this is the only potassium 
bronze which exists ; other bronzes, for example K2W3O9 and 
K2W5O15, have, however, been described.^ 

Two potassium sodium tungsten bronzes have been prepared ® 
(see above), 5 K^W and 3K2W40i2.2NaoW309. Both are 
dark red ; the former has density 7 T 17 and when powdered becomes 
blue. 

Sodium tungsten bronzes have been the subject of much investi- 
gation'^ and many have been described. The following appear to be 
well-defined compounds : Na2W20g, golden-yellow cubic crystals, 
density 7*28 ; NagWoOj), reddish-purple octahedra, density 7-22 ; 
Na2W40i2, violet needles, density 7 T 95 ; NagAVgO^u, cubic crystals ; 
Na^VVsOis, reddish-yellow crystals ; and NagWeOig, yellow cubeL 

Engels ® has described a series of bronzes containing an alkali and 
an alkaline earth metal. These were prepared by electrolysis of the 
mass obtained by fusing commercial sodium or potassium tungstate with 
the calculated amount of metal carbonate. 

2BaW40i2.3Na2W50i5, dark blue crystals. 

BaW40i2.5Na2W309, yellow-red cubes. 

BaW40i2-5K2W4042? dark red pyramids. 

SrVV403L2-5Na2W50i5, brilliant violet pyramids. 

SrW40jL2- 1 2Na2W309, carniin-red pyramids . 

SrW4042-5K2W40i2, red pyramids. 

Ca W 4042- 5 N a2 W5O15, viol et pyramids . 

CaW40i2-l()Na2W309, purple cubes or pyramids. 

€aW4042.5K2W40i2, glistening red pyramids. 

Tungsten and Sulphue. 

Tungsten forms two sulphides of composition WSg and WS3. 

Tungsten Disulphide, WS2, occurs native in the mineral twng-’ 
stenite (see p. 182 ). It may be prepared by heating tungsten hexa- 
chloride in a current of hydrogen sulphide at 375 ° to 550 ° C. ,* ^ by 
fusing together pure dry ])otassium carbonate, flowers of sulphur, and 
tungsten trioxide ; or by strongly heating tungsten trioxide with 

^ Feit, Ber., 1888, 21, 133. 

Schaefer, Zeitsch. anorg. (Jhem., 1904, 38, 142. 

'* von Knorre, loc. cit. 

^ von Knorre and Schaefer, 1902, 35, 3407. 

® Hallopean, Conipt. re^id., 1898, 127, 57 ; Bull. tSoc. chim., 1899, [3], 21, 267 ; Brunner, 
loc. cit ® von Knorre, loc. cit ; Feit, loc. cit 

^ See Wohler, Fogg. Annalen, 1824, 2, 345 ; Malaguti, Arm. Ghim. Phys., 1835, [2], 60, 
271; Wright, Annalen, 1851, 79, 221; Scheibler, J. ‘pmkt Ghem., 1860, 80, 204; 1861, 
83, 273; Philipp and Schwebel, Ber., 1879, 12, 2234; Philipp, loc. cit ; Brunner, loc. cit ; 
L. and H. H. Kahlenberg, Trems. Amer. Electrochem. Soc., 1924, 46, 51. 

^ Engels, Zcitsch. anorg. Ghem., 1903, 37, 125. 

® Befacqz, Ann. Ghim. Phys., 1901, [7], 22, 239. 

Riche, ibid., 1857, [3], 50, 5 ; Defacqz, he. cit 
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excess ()[’ iiiercnric siilphi({c‘,^ or with sodium t hiosulphaU'/*^ or (with or 
without the additiou of earl>ou) in a current of hydroi»'<Mi sul|)hid(\ or 
of sut|)tiur or earl)ou disu!}>hide vapour.-^ It is also IdruHal l)y dirt'ct 
syntlicsis, l)y stron_i*’ly heating metallic tun^u’stcu mu! sulj)lmr.'* 

Tungsten ctisnlphidt' is a. soft, lustrotis, dark gnw ervstalliiu^ 
powder, of density 7*5 at 10 ' V. WTuai heatial in air it yit'ids t tie 
trioxide, l)ut it* heated out of eontacd. with air it loses sulpliur only at 
high temperatures, tlu‘ temfH‘ratnr(‘ of the tdiadric* ttirmua* being rumes- 
sary to lashuH* it to the nudal. Wiuai luaited in hv'drogtm it is eom|)U*t<‘ly 
reduced at 80()‘' to <K)0"‘ C. It. is attat'kcal by fluorine at, oniinary 
tem|)eratnres, yielding th(‘ lluoridt*. Cldorim* at* tOO ('. yields tungsUm 
liexacldoride. liromiiu^ attaoks tlu* suljdud(‘ at TOO * (’. II\'drogen 
chloride* ha.s no action. 

Tlu* disul|)hide is insolut)le in watt*r aiul in luost atads. Atpia. regia, 
has lit tle action ; Init a mixture of nitric a<‘id and hydrofluoric acid 
dissolves it readily. It is readily d(‘eomj)os(*d t>y moltt'u alkalit*s.*» 

Tungsten Trisiilphide, WS.,, may be obtauu'd by treating a solm 
tiou ot an alkali tluotungstatt* (st‘e ix/low) with (*x(‘ess td’ a(*i(l.‘’ 'Flu* 
tJuotving\stiite may first lx* ol)taini‘d lyv fusing woIlVamite (M jxirts) with 
sodium sulphate (7 parts) aiul carlxm (l-g' {>arts).” 'Flu* mass is (‘x- 
tracled with water and tin* solution treat(‘d with ex(x*ss (d‘ Ntd[thurie 
or hydrochloric acid. 'Fin* prexapitato is lilt (‘red ra|>idly , wasfuxl witli 
water containing hydrog<‘n sulphi<l(‘, amd dried at 100 *(’. in a (mrrent 
ol carl)on dioxide/^ It is luxx'ssary to t‘xelude air as much as possible 
or tlie prodiud; is found to contain oxygtai. 

^ Tungstmn trisulphidc is a brown j>ovv<l('r which lx*eomes Idaek whtm 
dried. W lu'n h(‘at,(‘d in al)scn<'(‘ ol air it gi\ cs up sidphur ami forms 
tlie disul|)hide WSo. It may lx* re<luced to tin* metal lyv heating with 
lime in an electric furnaotn*^ \Vh<‘n hoattxl in the air it yiedds tungsitm 
trioxide. It is sligivtiy solubh* in cold wat(‘i\ more nauhiy in hot, ibnm 
ing a colloidal solution (s(‘e below). It is (sisily sohd)h' in' alkali 
hydroxid(‘s, carbonates, and sulphidt‘s,^ forming dark brown solutions 
which contain thiot ungstates and colloidal tungsten tnsulphi<le. 

Colloidal Tiinoslen Trisulphidv. It was obs(*rviai by Hrrz(‘Iius 
that wlu‘n the freshly prtxapitatcd trisul|)hidc is wasinxl with \x:dvi\ it 
dissedves to a. slight t*xtt*nt, lorming a. yellow solution. If the pr<*- 
(‘ipitatc is boikxl witli piirt* water it, dissolxx's In ix)nsidt‘rai)l<' <|uantil\\ 
yielding a bnrwnish-ytdhmv seduthun Winssinger » ^obtained a dark 
brown solution of tungsten I ristd|>hi<ie In’ atiding to a s<dution of 
sodium thiosulphate a, lilth* mon* dilute hydrotddmm* acid than was 


' \\’r>iil<'r and Itslnr, .Pnm/f X, 18^^1,94,255. 

“ I'akI.or, Pliarm. /Vw/,, 38, 527. 

Rl(*h<‘, .1////. ( 'fiiut, IH57, j3}, 50, 5, 

■* von l!.,irli, OJiru. K. ViL-Aktid. Porli., 1851, ]>, Mi); Jahrshtr., isol. n. ilM ; 

'/xv/R 54, 25d. » 

^ Ponijd. rnid,, iSlMg 12S. aca. 

Ii(x*z<‘lius, Xr// //> ///;/< e.v I HI a, 16, 47{>; , | wx. 

Autidlctiy lS2.'>. 4, 147; 182(5, 8, 2(57; t’slar, AnihiUia 
232, 2*14 ; Hull, Ao<\ rhiiti., 1887, 47, ItMl. 

t'slar, l<n‘. nt, ; Weiss, 5lartin. and Stinunehnavr. ZviUeh, 

27n. 

(’tirlci:., U)t\ n'f, 

U'fiK.'., Maif in, and Si iiufutdituiyr, kft\ 

I>cr*/<‘liii.;, Ijhrhut'h d< r (du miv^ 2rd tal., IH8.3* iii,, 128, 

W iiLssingiT, Pull, S<H\ rlntn., 1888, |2J, 49, 452 ; Hulh Ac, ml, rm/. 1888, 15, 3181. 


Pliim. Phip,, 1821 , 12|» 17 ; 
185«>, 94* 225 ; C’urleis, i5iV/,, 


t'Vif/;/, 

188(5, 


. Oft my. Phmu,, tlHn, 65* 
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iu‘(*c'ssiiry to saturate the alkali. Tlie solution could be passed tlirougli 
lillcu* |)aper. On l)oilitig, or on the addition of electrolytes, the tri- 
s u 1 p h i de is ] ) reeipit a tea I . 

The existevnee of oxysulphides of timgstcu, described by Berzelius 
and otliers,^ is doubthil. 

A siilphochloride of tungsten, J3\VS3.VVG.l(j, has l)eeu obtained - by 
heating tlie hexaehloride witli liepiid hydrogen sulphide in a sealed 
tid)e tor thirty-six hours at GO"’ to (>5'^ C. It is a l)rown powder, insoluble 
in ea-rl)on disul})hide, a,I(‘olu)l, or benzene ; it is dcconi[)osed by water. 
It heatcal to rediu^ss in the air, it takes lire. It is readily oxidised l^y 
nitric a.eid or iiised |)ota.sh. 

Thiotuiigstates.’^ By sul)stituting sul|)hur (or oxygen, in tung- 
states the I'ol lowing ty pers ot eoinj)ounds ha.va‘ l)eeu obtained : ll'oVVO.jS, 
R’^WOoSo, R.'oWOS.j, R’oVVS.,. These anyprodueed : 

(1) By dissolving tlu^ hydrate ot tungstic acid in an alkali liydro- 
sul{)hide. 

(2) By tlu‘ a,eti()n ol* hydrogen sulphide on solutions or sus|)ensions 
ot a-lkali or noutral tungstata^s. 

(;5) By tusing a. tnngstat(‘ with sulj)hur. 

Idu' (‘oniponnds ar(‘ gaaua'ally y(‘llow to ycTowish brown in colour 
and yield welhdtditu'd (*rystals whieli a.r(‘ soluble in water. The solu- 
tion, on addition otan a,eid, de|)osits tungsten trisulphide. 

Potffs'.siiint K.jVVO^S.IIoO, is the only salt ot this 

typ<‘ wliieh has b(‘(‘n isolat(‘d. It is |)rodueed l)y passing hydrogt;n 
sulphid(‘ into a. eonet^ntrataal solution ot potassium tungstate until a 
sligivt yadow pr(‘eipitat(‘ is tornual. A large l)ulk ot alcohol is then 
add('d, and colonrh'ss d(‘liquese(‘nt. crystals are de})osited. The salt is 
solul)le in water, and I lu* solution giv(‘s a white preeipitat:e witli zinc 
sul))ha,te. 

(Nn.i) 2 \V() 3 S 3 , is ()l)taiuc‘d as y'cllow 
(*rysta,ls wlnai hyalrogen sulphidii is pa,ssed into a, strong anunonia.eat 
solution ot ammonium tungstate. The erystaJs a.rt,^ tricliiuc. iiinacoids,*'"’ 
witli a.xial ratio a, : b : c O-TOG : 1 : 0*;3392. ddui salt is sta,l)le when 
dry, but de(*ompos(*s whim moist. 

JAyfm,s'liuN dU}d(}fiiii^Ht(ile K^WOoSo, is tormed by (‘using together 
|)()tassiuiii tungstate and suljilmr in ahsenct' otair^^ a.nd (ixtracting with 
wattsr. It. yields hanon-ytdow r(‘ctangida-r crystaJs, wliicli los(‘ wa,t(‘r 
on lieating, and it out ot contact witli air, melt wit.hout decom|)osition. 

PoUt.ssiuni frUlnofuN^sfat(\ K.^WOS.j.I I A), is olitalned in (piadraJh; 
jilates l)y the prolongtal axdion ot hydrogen sulphide on potassium 
iungstatia It is vvvy soluI)l(‘ in water, but may 1)(‘ {)re(‘i|)ita,ted liy 
m(‘a,ns ot jdcohol. Ttie crystaJs d(ti<pu\sce in a, da,mp atmospheri* and 
e(llor(‘sce in a. dry one. The solution giv(‘S a. lemon-yellow prc'cipita.tii 
wit h zinc sulphatt‘. 

Nor null anunouhini thioh^^ (NII.J.jjVVS^j, is [)r(‘pared by the 

prolonged ax^tion ot hydrogtm suljilude on a. dilut(‘ solution <)t aiiinionium 

* CorirMs, lor. dt. ; VVinwsingt'r, lor. rit. 

^ J /or. cit. 

'* I>(‘r/,(^lius, Potji/. AuHalriU 1821), 8 , 2<)7 ; (JorltnH, lor, riL 
( 'orh'ts, for, ri.f. 

KaJkowskv, Zritsch, Krf/<st, Min., 1888, 13 , 22 ; ( Ji’oth, (Jlirnmchd Kry>^killot/rapImf 

‘‘ Berzelius, loc. ciL 
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tuM^'state. It fonvis tnu\s|)arciit, oraniiv-colounHl tTX'.stals, rluuulj’K* 
l)i{>yraini(laU with axial ratio a : 1) : <* ()’77S : I : (t5r>75, i.s<»inor{)lioas 

witii anurioiiiuni tliioiiiolylalate.^ 'riu‘ salt is stal)l<‘ when dry, W'luai 
heated in an atinospher(‘ of carbon dioxide, tuni^sten disnlphidt* remains ; 
it is slowly redueed to th(‘ nulal wlum luadtal in h\'drou'<‘n. 

Ntyrnuil pdfasdiim K^WS^, is jn'epartai in a similar 

manner to tlu‘ ammonium salt; or it may h(‘ pretapitated by adding 
})otassium liydronxm sulphid(‘ and aleoluvl to a solutitm of tlu* ammonium 
salt. Tlu' (‘rystals an^ rhomhi<* hi|>yramids,“ wit h axial ratio 
a : 1) : c*- ()-7d'0r> : 1 : 0'5C)05. It is readily solul>l(‘ in waU*r. On heat- 
it uu'lts wTtlunit de(‘omposition. 

The eomj)oun<h Ko\VSi.KNO.{, is dt'serilual by Herzehns, 

NiirtiHil sadiuiH ihiotUNifsfatr, Na.^WS.^, is prepanal by similar 
readious to the ahoxe. Tlu* (‘rystuls are very hyjyrost'opie, and max 
exeeedinoiy sol\d)l(x in wattax Tlu^ solutions of noiaual t fiiotunyst at(’s 
are not })reei|)itat(*d l)y zinc sulphate*. Sodium I luotunu'state is s<hubhx 
in aleolioh 

Tlii(yii{ng.siai(\s of V((lvlu}H, sfronfiimK and boriimi have beam pre|>art*d 
by the* action ot h\'droii'(‘n sul{)hid(* on susjH‘nsions td’ tfje eorri*sj>ondiui 4 * 
tuni»’stat(‘s, wh(*r(‘ln' yi'llow solutions swvo obtained from wtueh the 
tl \ i ( )i 1 1 n,i»'s t a t(‘s ec )U Id be cry s la 1 1 is(‘t 1 . 

Th(‘ rr(‘e aeids eorrexsfKmdinji*' to th<* aboxc salts haxe not beam 
isolated. 

'rrNUS'rKN AM) SkuivNum. 

Two s(‘lenidt*s, of eomposition W'Se.j and W Se.j, baxa* laam edataintalA 

Tunjisteii Diselenide, WSe^^ is lormed as a y:rey std)stanta* whim 
the trist'Umidi* is heati‘d. 

Tungsten Triseleiiide, WSe.p is |)rodma‘d hy \hv a<iditii)n ijfmads 
to the rcaidish-hrown si)lution obtained by passina: in hydrt)‘'im sidtmidi* 
to a solution of sodium acid timgstattx The* preeipitnte, affi’r ilryimj;, 
is gloss}' blaixk. On luaiting, it yiekis sivlenitim and tungsten disi-lenidm 
It dissolves rixadily in alkalit‘s. 


Tt Ncas'rKN anu Tnum liirxu 
T(‘llnrid(‘s of tungsten art* not known. 

The guanidinium salt of a heteropolyaeid tt'liuri»t mi'isl ie aeitt 
of eom posit ion 

((•N,n,yTi‘(\V<> 0 ,l.:dLO 

has been deseribi'il.'^ Tlie nudallie salts havt* not biaai stuiliiai/ mu’ 
has the a, del Ixxen isolattai. 


I'l'NiiSTKK AXn SvriHHlKS, 

Nitiides and Related Products. ^iletaJlie tmigsbaj may la* 
heated in nitrogen gas to a temptwature of lahO i\ wit hunt ans hnana” 

‘ i’orieiN, A mini, n, issij. 232, 2>lt ; Vatvr, Kri/nt, Min.. lss.». lugra:.!. 

^ Kalkow^ky. Ztiisrh. Ktfyst. Min,, IHHH, xj, 32 . 

‘‘ i 'niieis, lor. rit. 

^ liyr/clitis, lohAmrl, drr I 'hnnir, .'irt! fMl., |SK;i, in,, 12(». 

*’ t ‘('Isai.ann, Jahrr,\htr,„ IHiHk p. 1 ) 2 . 

*' Ir, tlulion, Orrliii, IlUP p. 14. 

" iSee Klein, iOill. Sar. chirn,, 1BH4, 427nHt 
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tion of nitride.^ In ammonia gas, tungsten is slightly affected at 
850° C-, a mere trace of nitride being formed.^ However, if the oxide 
of tungsten is heated under pressure in a mixture of hydrogen and 
nitrogen, tungsten nitride is produced.^ According to Langmuir,^ 
nitrogen does not, at any temperature, react with solid tungsten, but 
when a tungsten lamp containing nitrogen at low pressures is run for 
some time, the nitrogen gradually disappears. This takes place in 
three ways : 

(1) Nitrogen combines with tungsten vapour to form the nitride 

WN^. 

(2) As the electric discharge passes through the nitrogen, the 
nitride WNg is formed at the hot tungsten cathode. 

(a) At very low pressures and high voltages nitrogen is driven on 
to the glass in such a form that it can be recovered by heating. 

The dinitride, WN2, is a clear brown powder, stable in vacuo at 
400° C., but is decomposed at 2150° C. It is decomposed by water, 
yielding ammonia and probably the oxide WO3. 

Other nitrides have been described, but the literature concerniiig 
them is somewhat contradictory. By the action of ammonia on tungstic 
anliydride and tungsten hexachloride various products have been 
obtained. Wohler ^ found that when the anhydride was heated in a 
stream of dry ammonia a black compound was obtained, which he 
named tungsten nitretamidoxide, considering it to be a mixed com- 
pound of nitride, amide, and oxide, of composition 4WN2.\^’2(^I^2)2* 
2W02=AV8 NioH 402. Rideal,6 however, by similar means, obtained a 
black amorphous product of composition W5NgH305. At a higher 
temperature this compound yields metallic tungsten. Liquid ammonia 
does not react with tungstic anhydride even when the mixture is heated 


to 108° C. under pressure.'^ . 1 1 

If tungstic anhydride is heated in a crucible with ammonium chloride, 
re})eated additions of the latter compound being made until a product 
of constant weight is obtained, a black substance results ® which 
appears to be an oxynitride of composition \\ Og.WNg. 

The sesquinitride, W2N3, is, according to Rideal,® obtained as a black 
i)owder by the action of dry ammonia on tungsten hexachloride. The 
reaction takes place in the cold, and the product is freed from ammonium 
chloride by washing with water. The nitride has a semi-metallic lustre, 
is insoluble in nitric acid, but is oxidised by aqua regia to tungstic 
acid. When heated in the air it glows and is converted into yellow 
tungstic anhydride. Wohler regarded the product obtained by the 
action of ammonia on tungsten hexachloride as a mixture of two com- 
i)ounds to which he gave the formuLn W3N4H4=2\\K\y (NHah and 
W.,NrH.=2WN^.W(NH2)o. The latter can be converted to the lormer 
by heating in hydrogen, and both at 1000° C. yield metallic tungsten. 
If the compound WgNgH^ is heated just above its temperature of forma- 
tion in ammonia, a nitride of composition W3N2 is obtained. 


1 Sieverts and Bergner, 5er., 1911, 44> 2394. 

2 Henderson and Galletly, J. >S'oc. 1908, 27 , 387. 

2 German Patent, 259647 (1913). ^ fsSQ 

^ Wohler, Annalen, 1850, 73, 190. ^ Rideal, 55, 

■7 Rosenheim and Jacobsohn, Zeitsch. anorg. G/i-em., 1906, 50 , ^97. 

8 Rideal, Zoc. G/. Desi, Amer. GAewi. /Sfoc., 1897, 19 , -13. _ ^ 

Riflpol loc cit ' Wohler, loc. cit. See also Annaleii, I 808 , 105 , -58. 

Uhrlaub, Pie V erbindungen einiger Metalle mit Stickstojf, Gottingen, 1859. 
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CHROMIUM AND ITS CONGENERS. 

By heating tungstyl chloride, WOgClg, with dry ammonia, a black 
com 230 und of comjrosition W 4 O 4 N 4 H 2 is obtained. ^ This is insoluble 
in water, dilute alkalies, or hydrochloric acid. It is decomposed by 
concentrated nitric acid, and yields ammonia with potassium hydroxide. 
It reduces silver nitrate solution to metallic silver. By the action of 
liquid ammonia on tungstyl chloride, a brown compound, WO3.3NH., 
(see p. 218), is obtained.^ 


Tungsten and Phosphorus. 

Tungsten Phosphides. — The combination of tungsten and phos- 
jrhorus was first studied by Pelletier ® who, however, did not publish 
any exact data. The later investigations of Wright and Uefacqz 
ajrjjear to have established the existence of four definite jrhosjrhides. 

Tungsten Diphosphide, WP^.— This compound is prepared ^ by 
heating tungsten hexachloride at 450° to 500° C. in a current of dry 
hydrogen phosphide. The produet is washed with carbon disuli)hide 
to remove any free phosphorus present. The phosphide is obtained in 
black crystals, of density 5-8, insoluble in water, and in the usual organic 
solvents. It is stable in air, but decomposes on fusion. When heated 
in hydrogen to 600° C. partial reduction occurs, but at 900° C. phos- 
phorus still remains, probably as the phosphide WP. The halogens 
react vigorously on heating ; it burns brilliantly in oxygen at 450° C. 
Many metals reduce it to tungsten at high temperatures, e.g. copper, 
zinc, or iron at 1000 ° C. Hydrofluoric and hydrochloric acids do not 
attack it, but a mixture of either of these acids with nitric acid dis- 
solves it readily. When fused with alkali carbonate, a mixture of 
jDhosphate and tungstate is obtained. 

Tritungsten TetraphospHide, W3P4.— By passing phosphorus 
vapour over metallic tungsten heated to redness a grey jrowder of com- 
position W 3 P 4 is obtained.5 It is stable in air and is oxidised with 
difficulty. 

Tungsten Monophosphide, WP. — This phosphide is pi'epared by 
heating the diphosphide WPj (1 part) with copper phosphide (20 to 3 () 
parts) at 1200 ° C. for three or four hours with eareful exclusion of air ; “ 
the resulting mass is treated with dilute nitric acid, and the phosphide 
remains in the form of grey lustrous prisms of density 8 - 5 . The com- 
pound is stable in air and behaves in a similar manner to the diphos- 
phide towards oxygen, the halogens, acids, and alkalies, but it may be 
heated in hydrogen to 900° C. without reduetion taking place. 

Tungsten Subphosphide, W4P2.— By strongly heating a mixture 
of phosphorie acid and tungstic anhydride in a carbon crucible, lustrous 
steel-coloured crystals of this phosphide are obtained.’’ The crystals 
are six-sided prisms of density 5-21. It conducts electricity well, is 
very stable in air even at higher temperatures, and is very resistant to 
acids. When heated in a current of oxygen it burns brilliantly. It 
dissolves in a fused mixture of alkali carbonate and nitrate. 


1 Smith and Shinn, Zeitsch. amrg, Ohem., 1893, 4 , 381. 

^ E/osenheim and Jacobsohn, ibid., 1906, 50 , 297. 

^ Pelletier, Ann, Ghim. Phys., 1792, [ 1 ], 13 , 137. 

^ "Defacqz, Oompt. rend., 1900, 130 , 915 ; Ann. Ghim. Phys., 1901 r71 22 238 
® Wright, Annalen, 1851, 79 , 244. » L .i» » 

6 Defacqz, Gompt. rend., 1901, 132 , 32 ; Ann. Ghim. Phys., 1901, [71 22 238 
^ Wohler, J. Ghem. Soc., 1853, 5 , 94 ; Wright, loc. cit. ' 
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Heteropolyacids of Tungsten and Phosphorus: the Phospho- 
tungstic Acids. -Tungstic acid behaves similarly to molybdic acid in 
coml)ining with pliosplioric acid to form series of complex phospho- 
tungstatc‘s oi varying composition analogous to the phosphomolyb- 
dates (see j). lO;!). It was first noticed by Scheibler ^ that a solution of 
sodium tungstate containing phos])horic acid was able to precipitate 
certain organic; compounds, and he isolated two acids in which he con- 
sidercul the pro})ortion P^Or^ : WO3 to be 1 : 6 and 1 : 20 respectively^ 
Salts of tlu‘se acids were also prepared,^ and Gibbs ^ suggested the 
formula <snj>().P 2 () 5 . 20 W().j.a(p lor the second acid. This author also 
postulatcal tlie existence of six dilTcrent series of compounds in which 
for 1 inolecaile of PoOr, there were respectively 24, 22, 20, 18, 16, and 14 
nu>leeul(\s of WO.j. Tlie acid corresponding to the first of these series 
was soon isolatecl and described,'^ l)ut the- existence of all of them has 
not b(‘(‘n j)ro\'ed, wliilst other series containing less tungstic acid have 
also l)c‘t‘n shown to exist. 

12-Tungstophosphoric Acid, H 7 [P(W 207 ) 6 ]*xH 20 , oixlinary 
|)hosj)hotungstic acid, (I ^/)5 : W().^==l : 24), is analogous to 12-molybdo- 
phosphoric; aeid (see j). 164) and similar to mctatimgstic acid (see p. 236). 
It. may be* pr(‘j)a.rcHl by dissolving 500 grams of pure sodium tungstate 
and 250 grains of sodium pliosphate crystals in 500 c.c. of water and 
c‘va|)orating until a skin iV)rnis on the surface ; 750 c.c. of hydrochloric 
a,ei(l are tluai adchal and tlie mixture again evaporated and allowed to 
cool, wluai th(‘ acid may be shaken out with ether.’’ After evapor- 
ating t lu‘ (‘l h(‘r and c*rystallising from water, the acid is obtained ^ in. 
large octalu‘dral crystals of composition H7[F(W207)q],28H20. This 
!iy(ii*af(‘ is not stable; at ordinary temjieratures and readily changes into 
a, 22-hy'drat(\ which crystallises in rliombohedra from solutions niain- 
taiiu'd ai 50" U. Tlu; 28-liy(lratt; may be ke|)t in a stable condition at 
ordinary ttanjieratures liy the addition of 1 jicr cent, of the stable 
2iSdi\'drati‘ ol‘ 12-molybdophosi)lioric acid. If concentrated nitric acid 
is addixl to a- solution of the acid, small prismatic crystals of a 
H)-hydrat(‘ are prc'cipitated.^^ The acid melts at about 90“ C. It is 
very soluble in \vat(‘r, yielding dense solutions. The equivalent con- 
duetiviiies of solutions containing } molecule in v litres at 25“ C. have 
b(H‘n found to lie : 

n 32 64 128 256 512 1024 

A 16S-9 181-0 198-4 220-3 249-3 274-5 

‘ Schciblor. 1S72, 5, 801 ; BiUl A'or.. chim., 187:i, 19, 23. 

“ /'ef/;/. Annahin^ 18()7, 130 , 259 . 

** (Jibbs, />Vr., 1877, 10, 1381; Hull. Hoe, cMm., 1,878, 30, 31, ; Anier. CJheuL J., 1895, 
17, 107 ; liull. Hoe. ehioi'., 1895, 13], 14, 1170. 

SjH'cuLCcr, */. prakL Ohe.iu.^ 1880, 12], 22, 418. 

•• K('lirmatm, fier., 1887, 20, ,1805, 18 U ; JMl. Hoc. chim.y 1887, 48, 502 ; 1889, [3j, 2, 
19 ; AunolfUy I8S8, 245, 45, 57 ; Kolirmaiiri and Mnll(3t, Heh\ Ghim. AeMy 1922, 5, 942 ; 
Peehanl, (UonpL /■(!wl, 'l889, 108, 1107 ; 109, 301 ; 1890, iio, 754 ; BulL Hoc. clmri.y 1890, 
[31, 3, 802 ; Zeitfieh. anonj. Ohem.y 1890, 12, lO. 

S(‘«* alsu (Ubl>s, loe. eU. ; S])r( 3 ngcr, loc. cM. ; Bull. Hoc. chm,.y 1881, [2], 36 , 221; 
P>iamlh()r:d, aii<l KiTiut, Aumdetiy 1.888, 249 , 373; Bull. Hoc. chim.y 1890, [3], 3 , 87; 
IN'cbaril, Gout pi. Te.mf.y 1889, I 09 » 301. ^ .Dreciiscii, jOc?'., 1887, 20 , 14«:)2. 

'i'his inciliod «>i‘ s(‘parati<>n is niuoli vised in the isolation of carmplex compounds, and 
is usually ass<Kaat(‘<l witli the uaino of Drechsel. 

*' Snijub'lT, loe. eit. ; (-opaux, G/dm. Phijfi., 1909, [8], 17, 251 ; .Uosonheim and 
.I;iui('k<‘, Zt'il-seh. ouorg. CVvewi., 1912, 77> » 1917, loi, 254. 

»*> nos(‘iiheini and Jilukdie, loc. cit 


1 



252 


CHROMIUM AND ITS CONGENERS. 


The hydrogen-ion concentration in a 0-005 N solution Hs 4*1 X lO^^. The 
formula for the acid given above suggests that its basicity should be 7, 
and the neutralisation curves of solutions with sodium hydroxide show 
that it is at least hexabasic. However, only acid salts of the metals 
have been prepared, but the normal guanidinium salt, (CN^HJ^ 
[P(W207)g].12H20, has been obtained by the addition of guanidinium 
carbonate to the free acid.^ 

The alkali salts of this acid may be prepared : 

(1) By the addition of the alkali hydroxide or carbonate to a solu- 
tion of the free acid ; 

By saturation of a boiling solution of alkali phosphate with 
tungstic anhydride ; or 

(S) By the addition of a mineral acid, preferably hydrochloric acid, 
to a solution of alkali tungstate containing a small quantitv 
of alkali phosphate. 


TT ^ obtained correspond to the general formula 8R2O.P2O5. 
24 V\ Og-HigO (R=NITj, K, Na). The ammonium and potassium salts 
crystalline, almost insoluble powders ; the sodium salt 
yields large transparent crystals ^ which become opaque on exposure 
to air and are readily soluble in water. The latter salt forms two 
hydrates,^ tl^ one stable at ordinary temperatures having the eomposi- 
tion Na3H4[P(W207)Q].13H20, whilst at lower temperatures a hydrate 
containing 19H2O is the stable form. That these salts are add salts 
aim not normal is confirmed by equivalent conductivity measurements, 
ihe corresponding salts of barium, copper, and silver have been 

strongly acid salts, 2 BaO.PoO,. 24 WO«. 
oDHgO, BaO.P205.24W03.59H20, and Ag20.P205.24W03.6()H20 ; the 
silver salts are insoluble in water. In some of the earlier literature 
this series are described under formuhc of the type c^jRaO.PgOs. 
^OnUg.^HgO. Phosphotungstic acid and the phosphotungstates are 
used as reagents for the precipitation of alkaloids and proteins,^ and 
react with many other organic compounds.'^ The acid is also used as a 
clarifymg_ agent in urine analysis.^ Potassium and ammonium salts 
may be detected by means of phosphotungstic acid, with which they 
give insoluble precipitates. 

ll-Tungstophosphates (P2O5 : WOj^l : 22).— The free acid 
corresponding to this series of salts has not been isolated. The salts 
are very stable and are obtained by careful hydrolysis of the 12-tungsto- 

^ Brauer, Dissertation, Berlin, 1918 . 

1 Rosenheim and Janicke, Zeitsch. anorg. Chem., 1912 , 77, 239 : 1917 loi 254 

2 Kelirmann and Freinkel, Ber., 1891 , 24, 2326 J. o 

GibbfSf f-’ Kehrmarm and Preinkol, loc. cit. ; 

'jiom, Amer. oneTO. J., 1880,2,217 ; Rosenheim and Janicke, he cit ■ Sobolcff ZeiVw/i 
anorg. GUm im 12 , 16. 5 gprenger, loc. cit. ’ ’ 

188 • ’ ^’'^eohsler, ZeiUch. physiol. Ohem., 1911, 73 

1918, 6 , 57 . ' 912, 12, 429 ; Guglialmelli, Anal. Soc. Quim. Argentina, 

1918 ®o“-’ 12,239,245 ; Punk and Maoallum, Biochem J 

1913, 7 , 356. See also Le-wne, Science, 1920, $ 2 , 391 ; Punk, Biochem Bull 1916 s’ l'- 

S“srs f '■‘li-S: lik 

lof ?utk’aidMaSiln,n: 
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])lios|)lial<‘s.' 11 l)ariTirn carlioiiate is added to a 30 per cent, solution 
ol 12-'tnii^’st(>|)hospliorie acid until a faint turbidity appears, on con- 
centration a white l)ariuni salt separates which may be recrystallised 
irom solution in dihitc acetic acid. The crystals obtained are of com- 
position 7 Ba(). 1^205.22 W()3.5-lIl20. 

Tlie potasnwn 7KoO.P2Op.22WO3.3H2O, may be obtained in a 
similar manner b}^ addino- potassium carbonate to a suspension of the 
|)otassium 12-tuno\sto|)liosphate until a clear solution is obtained. 

The sodium sfdp 7Na20.p205.22W03.33H20, is best prepared by 
addin^^' sodium sulphate to a solution of the barium salt. On evaporatinej 
the liltcaxal solution a mass of needle-shaped crystals is obtained. 

Tlies(‘ salts are all solul)le in water, and the solutions react neutral 
to litmus. A(vid salts of tins series have not been obtained. The addi- 
tion of strong' mineral acids to Il-tungsto])hosphates causes decomposi- 
tion into tlie 12-ttingstopliospliate and the 21 : 2-tungstophosphate 
(sec l)elow) ; the following formula has therefore been suggested as an 
ex])ression of tlu‘ir constitution : 


R*7[P(()ri)(W207)5]---W20,---[(W20,)5(0H)P]RV.r^^^^ 

llu' molecule is tlms considered to contain two nuclei joined by an 
outer bi’idge. 

Th(‘ following well -crystallised double salts have l)een prepared ^ 
by addition ol' sim|)lc‘ metallic salts to solutions of 1 l-tungsto})hos- 
pliates : 

lBa,().3Ago0.Po05.22W03.34lR0, 

5Ba,0.2K20.P203.22W03.48H2b. 


A s(U'i(‘s ol* salts ol)tained by the addition of hydrochloric acid to 
Ttiixturc'S of alkali tungstates and alkali |>hos])hates have been described 
by (iibbs,^ who f()rmulates them, 3R20.P205.22VV03.rrIl20. From 
tluir nuyde ol* |)r(’t>aration and reactions these salts appear to be more 
r(‘lat.(‘d to tlu‘ 12-tungstophosphates than to the salts just described. 
'rht‘ir composition, liowever, is not established. 

21 : 2-Tungstophosphoric Acid, (PoOg : W03=l : 21),^ may be 
ol)taiiU‘d l)y luxating the a,nnnonium salt with aqua regia ; nitrogen is 
(*volvt‘d anVl a solution is obtained I'rom which the acid separates on 
cooling. It may also l)c prepared i'rom l)arium ll-tungstophosphate 
by pr(‘cipitation‘ of the l>arium with sulphuric acid ; on evaporation of 
the solution, 12-tungsto|>hosphoric acid iirst separates, and from the 
motlK*r-li(pior h(‘.xagonal crystals of 21 : 2-tungstophosphoric acid can 
then l)(‘ ot>ta.iiu‘d. Tlie a.cid is readily soluble in water. The hydrogen- 
ion concent ration in a 0*005 N sohition^ is 7-0 X TO’ 't Its composi- 
tion imiy lx* rej)r(‘scutcd l)y the iormula 3H2O.P2O5. 21 WO3, 551120, 
indi(*ating a hexabasic axdd, and the salts pre|)ared have the composi- 
tion 3R*2C).F205.!^lWO3./rH20. These, however, appear to be acid 


1 lo(\ <'it. ; Kc^hrmann and Froinkel, Ber., 1891, 24 , 2326 ; 1892, 25 , 1966 ; 

ZrHneh. anortj. ('•hmi.. 1892, I, 423 ; OibbH, d.mT. Ohmi. J., 1880, 2 , 217 ; Rosenheim and 
Zcit.sr/i. anorij. OVn'.n/,., 1917, loi, 235. 

- Ro.s(‘ulieiiu and dilnicUo, loc. cit. 

K(‘hrinHmi and Kndnkcl, loc, c,U. 

^ (libhH, l(H\ rlt. , _ _ . 

>' Krlinimmi, Ih r., I SOI, 24 . m'j ; 1892, 25 , 19(>9 ; ZmUch.mwrg. C'/ifira., 1892, 1 , 437 ; 
UoMi-nlu'iiii and .lanickt', ihiiL, 1917, lOl, 2.78. 

Hrauer, loc, ciL 
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salts, their solntioiis eontaiivino' lvy(lr(>i>’eri ions, so tiuit tiie aeid luay linxv 
a. hio'her l)asieity than six. This view is supported In eiaidtHi tv ity 
iruaistuxarients ; for exarn})le, in tin* east* ot tlu‘ potassiutu salt at 25 (\ 
tlie i()llo\vin,i>' are tlie equivalent eontiueti vit}’ valut*s for sttluliirns 
(‘ontainino’ i molecaile in r litres : ^ 

32 (j 4 128 25(; 512 102t> 

A = lG(r8 IS4-2 202*2 220*3 25'h ! 285*2. 


Normal salts of this series have not !>t*en prejtanah s<» t hat tin* etnt- 
stitution of the aeid eaiuiot y(*t be (*x[>resst‘(l. 

The pofasduni mit, 3K,4).l^().~.21\\d).j.3lH.4)^ may b<* |irf*{iart*d by 
treating' a solution of {)otassitnu 1 1 -tunn'stopliosjdiatt* with (*\eess (if 
dilute Irydroehlorie aeid and boiling* tiu* mixture. Polassium 12 turn-in 
pliospliate is })rt‘(‘i pita ted and separattai by lilt rat ion, and on standina 
the (iltrat(* slowly (k‘posits trans|)art‘nt |)rismatie (‘ryslals of (he 21 : 2 
tunestophosphat(*.“ This salt may also b(‘ jU’epaia'd by the a<hiiti<yn 
of potassium ehloride to a. solution of tlu* fret* avid.-^ 'VUv eorn’spondim^ 
(Vinuioiiiiwi salt is obtaint‘d by treating a sohition td’ tlu* potassium salt 
or of tlie free aeid witli aniintiniinu <*hloridt\ 'ria* atidifitm of silvt'f 
nitrate to a solution of tin* |)otassium salt yields tin* silver salt. 

lO-Tungstophosphoric Acid, (P./T, : WCX^ 1 : 20), ami eorre 
spondin^i’’ salts have lieen des(*rib(‘<i by s(*veral aulhorsA but thfir 
existence is ojien to donlit. From tlu* propt‘rli<*s of the tsunptMnnis 
described, and tlie methods ust‘d for tlu‘ir pn‘|)aratioru it would app<*ar 
probal)le that tlicy are i(h*uti<‘al with tlu* I2-I umrstopho'sphatt's, 

9-Tungstophosphoric Acki,(PoO., : W(), I : 18), luteopla^spho 

tung*stic aeid, is lormed by treating’ tlu* 12- or 1 1 d uuastopiiosphorie aeiti 
solutions with excess of jihosphorie avid. It may lies! bt* prejyart*d 
from its salts, (or exanijile, by treatiiie tlu* ammoniuni salt with aijua 
regia, or by deeonqiosing tlu* silv(*r salt witli hvdroi*id<»rie at'id.*' A 
colourless sohition is olitained, which on evaporafatvn turns velhnv, and 
lemon-yellow hexagonal erystals se|)arate. Thvsv nu‘H at *28 i\ ami 
are very soluble* in water.' The ax‘i(l probatily (*xists in twu isumerie 
iorms.'’ Its coinposition is rc|)rescnti‘(l by the I'drittula I,s\\ ( ) ,. 

42risjO, and its basicity a.i>|)i>a,rs l.o !)<■ I'o (see ini(i\v). sn that the 
constitutional formula. 

n,| 1>(0II)(VV/),), -\V,(),- - ( W,07),(01 1 )1‘1I ) 

has been siifrffested.'* In this ease an inner In-idj^e enniieels t he I no nueli-i. 
Tins is sui)i)orted by conductivity ineasurcmcids and a sliniv of th<’ 
nen 1 1 alisation curves. Ihc correspondinsf inolvbdo phosphurie aeid is 
1 ‘2-basic (see]). I(i5), l)ut tlie comple.v ion in (lial aeid is imi so stabl.’ 
as the tungstic ion. The hydrogen-ion (‘orn'i'iilratitm in a 0*005 X 
solution of O-tungstopliospiiorie aeid ^ is I-* 1 x 10 •*. 

Salts of this aeid may be prepared by boilimj a lui'ctiire emdaiuiim 
normal sodium tungstate, Na.,VVO,.2n,() (2 parts), svrups phosphori,; 
acid (.j jiarts), and water (I jiart). 'I’he solufion Inriis yellow, and on 


^ Baiucr, Dh^ertatlon, Bi'rlin, 008. 

Ki'hrinann and 10 *(‘ink(d, Rer., 1892 , 25, 19 (i(h 
Ro.st'nlu'iin and dilnittkt*, Zntm'h. anmy. 1917 xoi 

‘ rrml., 188 !), 109, SOI, ! Ann.. O/iim. iv,//,.’ ^<11 i||i • ■ 

Ame,-. ri,rw.J., 1S!)5,I7, l«S; < in.tli, CVi«i, .«■/«,• /<r!/nlMnirn,,l,i. . UMiri' 

.Kidinnann, .^^rd.sr/n 189,% 4, 1 :jh. ‘ ’ 

" Wu, Biol. (Uu'm.., 1920,43, 139. 
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evaporation and cooling, greenish-yellow plates consisting of a mixture 
of sodium salts separate. ^ If, instead of permitting crystallisation, the 
mixture is oxidised with a few drops of concentrated nitric acid, allowed 
to cool, and solid potassium or ammonium chloride added, yellow 
triclinic prisms of the potassium or ammonium salt separate. ^These 
may be purified by repeated crystallisation. They are readily soluble 
in water, and have composition 

3 K 2 O.P 2 O 5 .I 8 WO 3 .I 4 H 2 O, 

These salts, as well as the corresponding sodium and barium salts, may 
also be obtained by treating the free acid with the corresponding car- 
bonate or chloride. The silver salt, SAgaO.PaOg.lSWOs.ieHgO, is pre- 
pared by treating a solution of the potassium salt with silver nitrate. 

These acid salts correspond to the acid salts of 9-molybdo-phosphonc 
acid. The following salts, which show a basicity of 10 , and appear to 
be the normal salts of the acid, have also been prepared : ^ 

5Ag20.P205.18W03.34H20, 

The silver salt is obtained by treating a 30 per cent, solution of the 
acid with 5 to 6 molecular proportions of sodium hydroxide, and 
adding a soluble silver salt. A yellow flaky precipitate results which 
is almost insoluble in water. The guanidine salt is produced simi- 
larly, and yields bright yellow aggregates of small tables which are 
only slightly soluble in water. 

17 : 2-Tungstophosphates, (PgOg : W 03 = l : 17).^ — By carefully 
neutralising a solution of 9-tungstophosphoric acid, or by treating a 
solution of an alkali 9-tungstophosphate with the corresponding alkali 
hydrogen carbonate, salts of this series are obtained. The potassium 
salt, 5 K 2 O.P 2 O 5 . 17 WO 3 . 22 H 2 O, yields white satiny needles. The 
ammonium salt, 5(Nll^)20,F20^A7W0^.1Q}l2p, forms tabular crystals. 
A silver salt, of composition 5Ag2O.p2O5.17WO3.20Pl2O, is obtained in 
small tabular crystals by double decomposition. The constitution of 
these salts is not yet determined. 

Other series containing less tungstic acid have also been described ; 
for example, 6 -tungstophosphoric acid and its salts, 2 R' 20 .P 205 . 12 W 03 . 

and 7 : 2 -tungstophosphates, 8 ll‘ 2 ^-^ 2 ^ 5 -^^^ 3 -^^'H 20 .® The 
work on these series is, however, inconclusive. 

3-Tungstophosphates, (P 2 O 5 : W 03 =l : 6). — From a concen- 
trated solution containing sodium tungstate and phosphate, made 
faintly acid with acetic acid and allowed to stand for a few days, a 
mass of crystals, containing two salts, separates.® On washing with 

1 Kehrmann, Ber,, 1887, 20, 1805. 

^ Rosenheim and Janicke, Zoc. cit. 

^ Kehrmann, Ber., 1887, 20, 1806, 1810; Annalen, 1888, 245, 43; Zeitsch. anorg. 
GJmn., 1893, 4, 138 ; 1894, 6, 386 ; Rosenheim and Janicke, ibid., 1917, loi, 261. This 
series was at first regarded by Kehrmann as the 8-tungstophosphates, (PoO^ : W03 = l : 16). 

^ Pechard, Oompt rend., 1889, 109, 301; 1890, no, 754 ; Ann. CMm. Phys., 1891, [6], 
22, 248; Biifet, Bnll. Soc. frang. Min., 1890, 13, 202 ; Kehrmann, Zeitsch. anorg. Chem., 
1892, I, 438. 

^ Kehrmann and Mellet, Helv. Chim. Acta, 1922, 5, 942 ; 8cheibler, Ber., 1872, 5, 801. 

® Kehrmann and Mellet, loc. cit 
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water, the sodium s(dt of t his si‘ri(*s, ^iXa^O.Pd ) ..atj., diss{dv(‘s, 

lea\TU^l>- a wry spariMnlv sohihlt* salt, tlie etuuposii ion of'whtidi afaiears 
to he ]4Na/).5lV.,Vl!)\Vt),,a<|,, 2UXaA ) JtUU h.aiAVthoiq. 

Tlie sohihi(‘ so<iium d-tuuusioplH^sphate may hv ohtaiiKa! |)urt‘ l)v 
repcateci rt^erystallisatiou, ^ aiul yi<*his a* 4 'i*'n*L*'ates ot whit(* striaitai 
prisms of eom|)ositioii :iNaA>,3!L(>JM>;,J5\\'0... 
formula iiulieates, H moleeuh*s of water appear to be firmly !u4d as 
water ot eonst it ut ion. Tlu* (*orres pm id iuq potassium ami ammonium 
salts, : illLO aiul a(X!l J)J>J ),.c;\V(), 

11511/), are |)rt‘|)art‘d liy acidinir potassium or ammonium eliloride to 
a solution of t}u‘ smlium salt, than whi<*h they are miieli less soluhhs 
Ihe former yidls iiriltiant prisma! ie neetlles, the latter short stout 
prisms, ttu* fiaa^ aeid has not been {irt'pareih 

Hypophosphotunjistates;- The potassium salt, i K/ ),t5l I/H).,. 
ISW'O.j I Til/), has been (h'serthtai, luit its esistmiet' lias not been 
eonlirnual. 


Tt^NOSTKN ANO A.USU!SU\ 


Tunfisten Diarsenkle, WAs.^, is prt'pana! by !u‘atiiU 4 * piirv 
tuny^sbm lu'xadloride in a t'urrmd of hydroynm arscmidis the t(*mpera-' 
ttm‘ maintained at I5U to 200 i\ for a time am! tlu-n gradually 

raised to 350" 1. T{u‘ ars<mi<ie remains as a blaek erystaliim* mass, of 
<leusity 0*9 at IS t. It is stable in air at ordinary temperature; at 
real luaU. it is naidily oxitiisi*el, leuAdui^ a resiitue of \<’Iluw tun!|sti<* 
auhydridis It rt*adily eombines with ehlorine, sulphur, aiul phos- 
liliorus wlum heatiah It is (fuiti' insohdile in water, earhem disul|diide» 
and the nsmd oriranie solymits; s<dniions of hytirolhmrie and hydro- 
ehlori(* mails hawe no motion upon it, hut nitrii’ arid ami mfua r<‘‘>ia 
<>xidise it on warmin,a. Fnsi*d alkali^^s and alkidi earbonates ml upon 
it to form arsimate and tunastatin 

Tungsten (niloro-arsenicie^ W.AsCIIjt, is obtained by heatimf a 
mixture ol tuna'stiai hexaildoride and ii<|idd livdrneen arseiudi* in a 

sralwl tube ill (10 (o 75 ('.» 'I’lic suhstjuict* Ibnus bliiisii black, h% cni 
scopic crystals, rcsciiiblinc the hcxacliluridc. It is n-atlih <lcc..inp<.sc(l 
by vva,[<'r. acids, and all<ali<'s. 

Arsenotunftstic Acids and Arsenotunftstides. 'I’licsc eompomuis 
a.r(‘ analoa'ons to (he phnsphotmrastie neids ami Ifieir salts, hut the 
coitiph-x anions an- <'sscnliaily more unstable than thosi- of I la- plios- 
phorn.s c(.inponnds. The invest icuti,,,, ,,r th<-s(' acids mid salts is as 
yd. vi'ry ineompld.is'’ 

12-Tun6sto-arsenal<iS, Only llic ammonium salt, 'NII,),dI, 

I As(\\.^Oj,y. Hid), has Ix-cn prepnrcii."' It se|»urales as a uliilc cryslal' 
line precipitate wiien a solution (’ontuiiiin}' iiornnd sodium lumrstale 


/Vof' 


1885 
2 lK) ; 
1888 , 
8w(m 

« 


Kciirrnnmi luid Mollcl, lirfr, ('him. AeUt, 1923, 6, 4*i:k 95(1, 

Oibbs, Awer, IVo w. 1884, $, 391 ; Hull ehim., 1881, 41 , IliH. 925. 

Acftd., 1885, 21 , I io ; /5r., 1885, | 8 , 1089, 

.I)<’fae(|/,, ('o'fnpt. rend., 1901, 132. 138, 

DdiKUj'/,, l()f\ n(, ; Ann, (diivi. /Vu/.i., i90b |TJi 22, 238. 

See (iilihs, llir., 1 S 7 ,S. jo. lasl ; Prof. Atior. .Afiol., ISHII, l6, I.'il ; Uu.r. 
H(i, 7, at:!; kclort, Cewy./, rr)iil., ISKI. 92, Mlil ; ,Uin. C/iiiii. /7c/,;.. l.ss: 
. ‘‘'■'■"‘'■O', e/;; : Hull. .%c. thim., ISK-l, /,2. .(57 ; Ketaauu..., 

.,24s, r. 2 ; /.«//, ,S„r. fhim.. IHHi), 131.2, HI; Zfitufk. lilliU, 

‘iloy, J. Anwr, VJmn,. Hoc,, 1919 , 38. 237 ?. 
lioHenlulm and da, nidus ZcllHch, anrmj, Ohf'm,^ 1917, 101 , 235, 


See iit'io 


i. jo|. 25, 
. 1 inoili n, 
22, 291) ; 
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(8 molecules) and arsenic acid (1 molecule) is acidified with hydro- 
chloric acid, treated with solid ammonium chloride, and boiled. The 
free acid is unstable and undergoes hydrolysis in solution. 

11-Tungsto-arsenates. — These are completely analogous to the 
11-tungstophosphates. The barium salt, 7Ba0.As20g.22W03.54H20 
or Ba7[As(0H)(W20,)5]-W20,-[(W20,)5(0H)As].53H20, is obtained 
by adding a 5 per cent, solution of ammonium carbonate to a suspension 
of the ammonium 12-tungsto-arsenate in boiling water until a clear 
solution results, when, on adding barium chloride, the salt crystallises 
in double pyramids isomorphous with the corresponding phosphate. 
Other salts of the series may be obtained from the barium salt by 
double decomposition. 

9 -Tungsto -arsenic Acid, luteo-arsenotungstic acid, may be 
obtained by saturation of a boiling solution of an alkali arsenate with 
tungstic anhydride, and allowing the mixture to stand for several weeks 
until the reactions of the 12-tungsto-arsenate have disappea,red ; or 
by acidifying a solution of one of its salts and shaking out with ether 
according to Drechsel (see p. 251). The acid is isomorphous with the 
corresponding phosphoric acid and has composition 

T^As (OH )(W207 )4-W20,- (W207 ).i( 0 H)As]. 36H20. 

It melts at 26° C. Only the ammonium and potassium salts of this 
series have been prepared. These are obtained by adding arsenic acid 
to a boiling solution of alkali tungstate until the colour becomes deep 
yellow, and then treating with ammonium or potassium chloride. On 
evaporation the solution yields lemon-yellow crystals of composition 
R2O.AS2O5.I8WO3.14H2O (R=NH4, K). 

17 : 2 -Tungsto -arsenates. — Solutions of the 9-tungsto-arsenates, 
when treated with the corresponding carbonates until the yellow colour 
disappears, yield colourless cr3rstaliine precipitates of salts belonging 
to this series, isomorphous with the corresponding phosphates and 
of composition 5 (NHi),0.As 205.17W03.16H20 and 5K2O.AS2O5.17WO3. 
22H2O. 

Alumino-arsenotungstates, see p. 211. 

Tungsto -arsenites. — By treating solutions of tungstates with 
arsenious acid the following crystalline compounds have been obtained 
by Gibbs, ^ 

7(NH4)20.2As203.18W03.18IT20, 

4Ba0.As203.9W03.2lH20, 

DNaaO.SAsaOa.ieWOa.SSHaO. 

This author also describes compounds of composition 
IOK2O.AS2O3.4AS2O5.21WO3.26H2O, 
10KaO.14As2O3.3P2O5.82WO3.28H2O, 

5K20.Na20.2As203.2P20g.l2W03.15H20, and 

7K2O.AS2O3.4P2O5.6OWO3.55H2O. 


Tungsten and Antimony. 

By boiling a solution of potassium paratungstate with excess of 
antimonic acid a solution is obtained from which crystals of a potassium 
antimoniotungstate, of composition 2WO3.3KSbO3.8H2O, may be 

^ Gibbs, Amer. Gheyn, J., 1885, 7 , 317. 
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obtained.^ The corresponding silver salt, treated with hydrochloric 
acid and the solution evajDorated in a vacuum, yields a vitreous residue 
of the acid, 4W03.3Sb205.3H2O+8H2O. A barium salt of composition 
2Ba0.3Sb203.1lW03.18H20 is described by Gibbs.^ 

Antimony Tungstate, see p. 213 . 

Alumino-antimoniotungstates, see p. 2II. 

Tungsten and Bismuth. 

Several complex bismuthotungstates, of the type 3R*20.2Bi203. 
11W03.(2’H20, have been obtained.^ The salts of potassium, ammonium, 
and strontium are oily substances which when dried yield yellow 
vitreous masses. By treating the potassium salt with a mercurous 
salt a yellow, well-defined, and stable bismuthotungstate, of composi- 
tion 3Hg20.2Bi203.1lW03.15H20, is obtained.^ By the action of 
hydrochloric acid on this substance a greenish-yellow solid of the 
formula 2Bi203.6HCl.llW03 may be isolated. 

Bismuth Tungstate, see p. 215 . 

Tungsten and Vanadium. 

Three well-defined series of complex salts containing tungsten and 
vanadium have been prepared.^ They are obtained (1) by saturation 
of a solution of a paratungstate with vanadium pentoxide, (2) by the 
action of acetic acid on solutions of mixed alkali tungstates and vana- 
dates, or ( 3 ) by the addition of a paratungstate to a metavanadate. 
The salts are characteristically coloured and all contain water of consti- 
tution. The dichromate coloured series have composition 
6W03.i2?H20 (R‘=NH4, K, Na). The yellowish-red salts have com- 
position 2R‘20.V205.4W03.^iTl20, and salts of the alkali metals, alkaline 
earth metals, and silver have been prepared. The salts of both these 
series have properties similar to the paratungstates. The salts of the 
third series are deep red in colour, of composition 5R‘20.3V205.14W03. 
£iTT 20, and resernble the metatungstates. The ammonium, potassium, 
caesium, and barium salts have been prepared. 

More complex compounds have also been prepared ; for example, an 
ammonium phosphovanadotungstate, 13(NH4)20.2P205.8V205.34W03. 
86H2O ; ® corresponding potassium and barium salts have also been 
prepared. Three series of silico-vanadotungstates of composition 

3 R* 20 .Si 02 .V 205 . 9 W 03 .^tTl 20 , 
3R-2O.SiO2.V2O5.10W63.a7H2O, and 
7 R' 20 . 2 Si 02 . 3 V 205 . 18 W 03 ..TH 20 , 
have been described.^ 

1 Hallopeau, Comjpt. rend., 1896, 123, 1065. 2 j ^ ^ 3^7 

2 Balke and Smith, J. Amer. Ghem. Soc., 1903, 25, 1229. 

^ Sweeney, ibid., 1916, 38, 2377. 

5 Rammelsberg, Ber., 1868, I, 161 ; Gibbs, ATner. CUm. J., 1886, 5 , 361 ; Ditto, 
Compt. rend., 1886, 102, 1019; Rosenheim, Anrutlen, 1889, 251, 197; Priedheim Ber. 
1890, 23, 1505 ; Rot^nbach, ibid., 1890, 23, 3050 ; Priedheim and Dowy, ZeiUch. anorq. 
CUm., 1894, 6 11 ;_ Prandtl and Hecht, ihii., 1915, 92, 198 ; Sweenev, loo. cit. ; Rosen- 
heim and Pieok, Zeitsch. armrg. Ohem., 1916, 98, 223. 

« Rogers Amer. Chem. Soc., 1903, 25, 298, 1223, 1227. See also Gibbs, Armr. OAem. 
J ,, 18o3, 5> 395. 

lool Castendyck, Ber., 1900, 33, 1611 ; Priedheim and Henderson, ibid., 

1902, 35, 3242. ’ ^ 
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Tungsten and Carbon. 

AVlien Diet all ie tiingsten is lieated with carbon in an electric furnace 
carbide rorination takes |)lace, and the carbides WC, and prob- 

ably \V*>C apjx^ar ca|)al)le of existence.^ A carbide of composition 
WjjC.i lias also btaai descrilied - as beino' formed when finely powdered 
timi»steu is hi‘at(sl in carlion monoxide at 1000'^ C., but its existence as 
a chemi(*al entity is doubted by RviiT.'^ 

Tritungsten Carbide, W;jG, melts above 2700° C., and solidifies 
as a, homoiL>'eneous sui)sta,nee. It does not Ibrm solid solutions with 
tun^'sten to any consid(‘rable extent, as a separate constituent may be 
d(‘tca‘t<Hl wluai tlu‘ carbon reaelies only 0*12 per cent. 

Ditungsten Carbide, W 2 C, was described by Moissan ^ as an iron- 
o’rey mass, produced liy lieatin^jf an intimate mixture of tungstic 
anhydride and (‘arbou in an electric furnace. The product was harder 
than (‘ornndum, ot density lO-OO at 18° C., and was very similar in 
pro|)erties to the metal itself. According to Ruff and Wimsch, this pro- 
du(‘t was not n })ure carliide; in their own investigation they detected 
a micrograpln(‘ constituent between tlie mono- and tri-tungsten ear- 
bidt‘S, l)iit w(a’(‘ unabh' to de(initc‘ly determine its composition. 

Tungsten Monocarbide, WC, is obtained by heating a mixture 
of tungstic*, anhydride ami earl) 0 !i, in presence of a large excess of iron, 
in an (*k‘(‘tri<* l‘urnac(*/‘ or by heating finely powdered tungsten, or the 
anliydrid(% at 800'^ C. in an atmosjihere of metliane and hydrogen 
(1 :*1 ).^ It is a, dark gr(‘y, crystalline powder, of density 15-7 at 18° C., 
iind is luird(*r than (luartz. When heated strongly it decomposes, yield- 
ing gra.phit(* and lo win' (‘arbidc's ; whilst in ])rcsenec of air it forms tungstic 
anhvdridi* and <*arl)on dioxide. 

tungsten Iron Carbides. Ry heating a mixture of tungstic 
anhydride, iron, and jx'trolenm eokc in a carbon crucible in an electric 
furiiace a double carl)id(‘ is formed, for which the formula 2Fe;jC.3W2C 
lias b(*en suggc'stcul.** IMie carbide: is highly magnetic and may be 
sc'parated by'mcams of a magnet after treatment of the product with 
liot eoiu^caitratt'd liydroc'hlorie acid. It is obtained in brilliant micro- 
s(*opi(^ prisms with tlu* colour of pyrites and of density 13-4 at 18° C. 
A doidili' (*arbid(‘, of eom|)osition Fe/kWCk has also been obtained by 
the a(*tioti of dilute* acid oii tungstem steel. Tins is the normal con- 
dition in which tungsten carbide is present in steel. Ihc double car- 
bide decomposers at lOO" C. 

Ttmgsten (*hromium (‘arbide, sec p. 94. 


TuNGS'rEN AND CYANOGEN. 

Sim|)le cyanide's of tungsten have not been isolated, but two well- 
di'fined sewies of eomi)l<*x cyanides arc known, one containing tetra- 

^ ItulT and ZvlUch. anortj, Oheni., 1914, 85, 292. 

2 lliljKxt an<H)rnst(‘'ni, //rr., 1919, 46, 1099. . ^ . o WaiUKU 

AhegiuAiuvrbach, llandhuck dvr ammjanitichen (Jhmbie, Leipzig, 1921, iv., 1, llal bbcL, 

p g4a 

* 4 MoisHiin, (hmpf, rrnd., 1890), 123, 19 ; dwa. Ohim. Phjs,, 1896, [7], 8, 570. 

William.^, ('ani-pt. rvnd,^ 1898, 126, 1722. 

« WilliamH, 1898, 127, -110. ^ , nr 

’ (’ai'iiol and Uouial, Ihld,. 1899. 128, 207. Hoc also .Dawes, ZeUA amrg. Chem., 
1921. 118, (>7 ; flouda a,nd Miirnkn,mi, Rep. Tohdtii Imp. Univ., 1918, 6, -.9.) ; Ozawa, 
ifnd., 1922, II, 999. 
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valent tungsten and of composition R’ 4 [W(CN)s], the other with 
pentavalent tungsten and general formula R' 3 [VV(CN) 8 ]. 

Tungstocpnic Acid, H4[W(CN)8].6Hs,0, may be prepared ^ by 
treating the silver salt with a slight excess of cold dilute hydrochloric 
acid, and saturating the clear filtrate with hydrogen chloride below 
0° C. The acid separates in yellow needles, and may be dried first in 
carbon dioxide and then in a desiccator over potassium hydroxide. It 
may also be obtained by the action of concentrated acid in the cold on 
the potassium salt.^ The product, which is soluble in water and in 
alcohol, is a strong acid and readily decomposes carbonates. The 
crystals deliquesce in moist air ; if dried over sulphuric acid, they lose 
about three-fourths of their water content. When heated above 60° C. 
they decompose. 

The salts of this acid are analogous to the corresponding molybdo- 
cyanides (see p. 172). Those of the alkali and alkaline earth metals 
are soluble in water, those of the heavier metals are insoluble, and all 
are insoluble in ordinary organic solvents. Many of the cyanides-™ for 
example, those of cadmium, copper, nickel, silver, and zinc — dissolve in 
concentrated ammonia solutions and yield, on recrystallisation, metal 
ammine derivatives. ^ The tungstocyanides, which are generally yellow 
in colour, yield yellow neutral solutions which are generally stable and 
are unaffected by dilute acids or alkalies. Hot dilute nitric acid causes 
slight oxidation, whilst hot concentrated nitric or sulphuric acid causes 
complete decomposition. In dilute sulphuric acid solution the com- 
pounds of this series are oxidised by potassium permanganate in such a 
way that for each tungsten atom present one half atom of oxygen is 
used up. This fact appeared to contradict the presence of tetravalent 
tungsten, since in the usual course of oxidation, i,e. in passing iTom 

to one atom of tungsten requires one atom of oxygen. IIow- 
eyer, investigation ^ confirmed the tetravalency of tungsten, the product 
of oxidation being not tungstic acid, but a complex cyanide, containimr 
pentavalent tungsten, of the type R- 3 [W{CN) 3 ]. The transformation c5‘ 
tne anion may therefore be exjoressed 


[Wi^(CN)8]"" — ■>[W^(CN)8]'". 

The valency of the tungsten in both these series of compounds is further 
conhrmed by determining the amount of silver deposited on hcatino- 
them for ten to twelve hours at 140“ to 160“ C. with ammoniacal silve? 
nitrate in a sealed tube.* The reaction takes place aecordinff to the 
equation ^ 


\Yvi nAg*=W^^+a7Ag-f (n— a;)Ag'. 

Ammonium Tungstocyanide, (NH 4 ) 4 [W(CN) 8 ], is prepared bv 
neutralisation of the free acid by means of ammonia. It crystallises in 
lustrous scales without water of crystallisation. If heated above 60° C 
decomposition occurs. 

action '^"*'^®tocyanide, Ca,[W(eN)8].8H,0, is formed by the 
action of calcium chloride on the silver salt. It is easily soluble in 

1 Olsson, Zeitsch: amrg. Ghem., 1914, 88, 49. 

2 Rosenheim and Dehn, Ren, 1915, 48, 1167. 

Berli°m5. “’■ad Delm, loc. Hi.; Delm, DU^eHation, 

192^ ; CoUenberg, Zeitach. amry. Ohem., 
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water. On heating to 115° C. the crystals lose all their water of 
crystallisation. 

Cadmium Tungstocyanide, Cd2[W(GN)8].8H20, may be pre- 
pared from the silver salt by double decomposition,^ or by the following 
method due to Rosenheim and Dehn.^ A solution of 12-tungstosiiicic 
acid (see p. 261) in concentrated hydrochloric acid is reduced electro- 
lytieally ^ iintil tlie solution becomes greenish yellow in colour. Strong 
alkali is added to remove the excess of acid, and solid potassium cyanide 
is tlien added in considerable quantity. On evaporation of this solu- 
tion, potassium chloride separates. A similar solution may be obtained 
more directly by treating the compound K0W2CI9 (see p. 195) with 
potassium cyanide.^ Tlie solution is now treated with a concentrated 
solution of cadmium sulphate and digested on the water-bath ; an 
impure cadmium salt se])arates whicli is dissolved in concentrated 
ammonia solution, and the solution, placed in a freezing mixture, 
is saturated witli ammonia. Cadmiumtriamniine tungstocyanide, 
[CUI(NIL0:^].J:VV(CVN),|^^ separates in long golden-yellow needles, 

wliieli on wasliing with water, or on exposure to air, lose ammonia and 
yield the corresponding diamminc salt, [Cd(NILj)2]2[W(CN)g].2ll20. 
On treatment with 1 to 2 per cent, sulphuric acid, microscopic yellow 
|)risms of cadmium tungstocyanide, Cd2[W(CN)g].8H20, are obtained. 
When exposed to suidight the crystals turn red but no change in weight 
occurs, and on heating, the yellow colour returns. When heated to 
125"'^ C. 7 molecules of water are lost. The salt is only slightly soluble 
in water, but is inore readily soluble in hydrochloric acid. 

Tlie caclniium salt may also be obtained from the pyridine com- 
})ound W(011)2(SCN);j.2C5*lI{iN, which dissolves in potassium cyanide 
solution, fortning a, bluci solution wliich turns yellow on warming and 
can 1)0 nuide to yield the al)ov(>mentioned triammine salt.^ 

Caesium Tungstocyanide, Gs,i[W(GN)g], may be prepared by 
neutralisation of the free acid witli caesium carl)onate. It yields light 
yellow, easily soluble crystaJs. 

Lead Tungstocyanide, Pb2[W(GN)g].4H20, is obtained by the 
aertion of lead cliloride on tlie silver salt ; on adding alcolxol, lustrous 
yellow needles separaten These, when heated to 115° C., lose their 
water of crystallisation. 

Magnesium Tungstocyanide, Mg2[W(GN)Q].6H20, is prepared 
from tlie silver salt by the addition of magnesium chloride. It is readily 
soluble in water ; the solution, on lieating, decomposes. 

Manganese Tungstocyanide, Mn2[W(GN)e].8H20, is obtained 
by |)reci|)itation when a manganese salt is added to a solution ol 
l)otassium tungstocyanide. It is insoluble in water and acids. On 
luxating, it loses at 130° C. 7 molecules of water, and at 140° C. begins 
to decompose. 

Potassium Tungstocyanide, K,j[W(CN) J. 2 H 2 O, may be pre- 
pared by tlie action of potassium carbonate on tlie cadmium salt, or by 
treating a solution of |)otassiuni tungsten chloride, R3W2^"^95 with 
potassium cyanide. It yields light yellow microscopic prisms, which 


1 Olsfcicm, he, dt, 

a KoHoaheiin and J)elm, Ber., 1914, 47» ^^92. 

S(iO Rosenheiiu and Loebcl, Zeitneh, anorg. Ohem., 1908, 57 , 234. 
* Okson, loc. ciL ; Zeitsch. amrg. Ohem,, 1914, 88, 49. 
s Eoscnlioiitt and Delin, Ber., 1915, 48 , 11(37. 
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lose all their water at 115° C. According to Olsson,^ 10 c.c. of water 
dissolve 13 to 14 grams of the salt at 18° C. The electrical conduc- 
tivities of solutions containing one equivalent in v litres at 25° C. have 
been determined as follows : ^ 


v= 32 
A=:118-8 


64 

130-0 


128 

140-6 


256 

149-5 


512 

159-8 


1024 

165-8. 


Rubidium Tungstocyanide, Rb,[W(CN)3].3H30, from the silver 
salt and rubidium chloride, yields small jiale yellow crystals, less soluble 
than the potassium salt. It loses all its water at 110° C. 

Silver Tungstocyanide, Ag4[W(CN)3], is obtained as a yellow 
amor23hous powder by adding a silver salt to a solution of the potassium 
tungstocyanide. It is quite insoluble in water and acids, but readily 
reacts with metallic chlorides with double decomposition. It is decoin- 
posed by sunlight. It dissolves in concentrated ammonia solution 
forming the ammine salt, [AgNH 3 ] 4 [W(CN) 3 ], which sejiarates, on cool- 
ing, as bnght yellow crystals. This compound is stable in an atmo- 
sphere of ammonia and in the dark, but in air it loses ammonia and in 
sunlight turns yellowish red. 

bv ne'lftSlU obtained 

by neutra isation of the free acid with sodium hydroxide, or by double 

™ sxr“ ““ 

decoJ?,SS, Tungstocyanide, Tl4[W(CN)3], is obtained by double 

formic * vePn?'' tungstocyanide and a thallium salt. It 

orms lon^ yellow needles which become red in sunlioht but rerynin 

soluble^in 

water and acids When heated, it loses all its water at U0°C It 

ammonia, forming the ainininc^alt! 
LiC-n2J\M3)3j2[W(CN)3], which separates on coolino-. This comnn„nr 

loses all Its ammonia on exposure to air. ° c.oinpound 

Besides the salts described above, many other inetik fnr i 

iron, mercury copper, cobalt, and nickel-jild preSate 

silver nitrate. ^ from ammoniacal 

’ ’ ^ Olsson, £er., 19W, 47, 917. 
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potassium permanganate, adding silver nitrate, which precipitates the 
red silver tungsticyanide, and treating this with a solution of potassium 
chloride. The silver chloride is removed by filtration, and the solution 
on evaporation yields light yellow crystals of the potassium salt. The 
crystals are fairly stable in dry air, but undergo decomposition when 
exposed to moist air in daylight. The salt readily forms additive pro- 
ducts ; for example, with potassium chloride it yields red slender prisms 
of composition K.j[W(CN)3].KC1.5H20. 

The following salts have also been obtained by the action of the 
metallic chlorides on the silver salt : ^ 


Na3[W(CN)gl.4H,0, 

Rb3[W(CN)sl.2H,0, 

Cs3fW(CN)g];2H,0, 

Ba3[\V(CN)gl3,10H3O, 

Sr3[W(CN)g],. 1111,0. 

Thiocyanates of tungsten have not been pre})ared. Complex salts 
containing pyridine and of composition (C5II5NH)2.WO(SCN)5.t^TT20,^ 
_(C5H5N)2^W(0II)2(SCN)3,3 and 2(C5H5N.HCNS).W02(SCN) Miave been 
isolated. 

Various complex compounds of tungstic acid with organic acids, 
such as oxalic, tartaric, citric, malic, and lactic acids, have been 
described.^ 

Tungsten and Silicon. 


Tliree silicidcs of tungsten, of composition W2Si3, WSi,, and WSig, 
have been isolated. 

Tungsten Sesquisilicide, W2Si3, is obtained by heating a mixture, 
containing 10 parts of silicon aiur23 parts of tungstic anhydride, in an 
electric furnace.^’ The product is suspended in dilute hydrochloric acid, 
and the excess of free tungsten removed by electrolysis ; the silicide 
collects at the bottom of the vessel and is treated successively with aqua 
regia., ammonia, and hydroiluoric acid, any carbon silicide j^resent being 
fmally removed by means of methylene iodide. It forms lustrous steel- 
grey plates, of density 10-9. It is fusible at red heat and readily 
oxidises ; in oxygen it burns brilliantly at 500° C. The halogens attack 
it at comparatively low temperatures. On the other hand, it is very 
resistant to acids and alkalies in solution ; aqua regia has practically 
no action, but a mixture of nitric and hydrofluoric acids decompose it 
even at ordinary temperatures, whilst fused alkali hydroxides and car- 
bonates also attack it readily. 

Tungsten Disilicide, WSi,, is obtained by heating together 
copper silicide and amorphous tungsten in an electric furnace. The 
product is washed and treated successively with nitric acid, sodiurn 
hydroxide, warm hydrofluoric acid, and water. It may also be obtained 
by the aluminothermic process, by ignition of a mixture containing 


1 OlBBon, too. ciL 

“ Collenberg, XieiUdi. miorg. Ghem., 1918, I02, 217. 

B.osenlieim and Dehn, loc, cit. 

^ Kalisclier, Disseriaf/ion, Berlin, 1902. ^ i aa < . o 

» Collenberg, he. cit. ;■ Grossmann and Kramer, Zeitsch. anorg. Ghem., iJUl, 41, 
Henderson and Prentice, Trans, Ghem, Soo., 1903, 83, 259. 

® Moissan, rend.^ 1896, 123, 13 ; Vigouroux, %bid.f lo98, 127, 603. 

I)efac(iz, ibid., 1907, 144, 848; Honigsehmid, Monatsh., 1907, 28, 1017. 
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4 o grams tungstic anhydride, 180 grams silica, 250 grams sulphur, and 
200 grams aluminium, the product being purified bv successive treat- 
ment with hydrochlonc acid, sodium hydroxide, and hydrofluoric acid, 
lungsten disihcide yields lustrous, light grey prisms, probably dimor- 
p ous, of density 9-4 at 0° C. The crystals are non-mairnetic and are 
more stable than the sihcide W^Sig. Fluorine only attacks the disilicide 
when slightly heated; chlorine reacts at 450 ° C., yielding silicon tetra- 
chlonde and tungsten liexachloride. It rnav be heated in air to 000° C 
without change. It is slowly oxidised when heated in a current of 
oxjjen. It IS decomposed by a mixture of nitric and hydrofluoric 
acids, or by fused alkalies. 

Tungsten Trisilicide, WSig, was isolated by Frilley i from a 
mixed iron tungsten silieide containing 9 per cent, iron, 51-6 tier cent 

SnStpA ^ successive treatment with con- 

centrated hydrofluoric acid, hot concentrated sodium hydroxide and 

fnd obtained were white and lustrous, 

and exhibited similar chemical properties to those of the disilicide. 

described filicides by direct union ha.s been 

sub^Sto “ 

of obtaining the mixed silicides are described by Frilley i 
dSnthv ^ products generally contain iron silieide in co'Liderable 
quantity. An aluminium tungsten silieide has also been described.^ 

Tungstosilicic Acids and Tungstosilicates. 

by Ma'rrvSfhfi'^i" H [Si(WgO,)«].xH,0, was first obtained 

SoririSd aS fne ^ mercurous salt by means of hydro- 

cuioric acid, and allowing the resulting solution to slowly crystallise 

I 1° conveniently obtained by the method of Drcchse^ » from con' 

cne aaaition of hydrochlorie acid (see p. 251 ). At ordinarv temnei-.. 
tures, large quadratic crystals of the 2 S-hydmte, HJSi(W 0^1 1 vsir o 
«e obtaiMd When these „e heated abAe si" c! olX’., u 1 c .dd 

Hiaw'o »»“»«, the W-lmdrad 

8L^1(W207)6J.22H20, which yields rhombohedral crystals is formpd' 

concLtoatedsohiS]!bfln^ separates in fine prisms when 

arid Tn! ° Pyritions of the acid are treated with fuming hydrochloric 

:Sbie Wd^ Wd?£ ^ 

for alkaloids with wlflob’ * sof^rhon may be used as a reagent 
definite and stable eompounds^'^ Th^hvdm^^ precipitates which are 

0-05 N solution of theTeSsS 2-9x10- concentration in a 

2 1911, 8 , 502. 

3 aod Pintsoh, German Patent, 295547 i'1917) 

Manchot and Kieser, 1904, 35 *? ' 

Mangnac, Ann. Ghim. Phys 1864 r41 q \ Vfi n 

‘ Drechsel, Ber., 1887, 20 , 1453 ’ S 8 , 809. 

“ Rose^eimand Jamckel^ctbcAaTOTO aem 1912 -yT 910 im-, 

’ Godefroy, Ber., 1876 o 1799 . -R^+f j 239 ; 1917, loi, 235. 

aad Ja^er, Bull. Soo. iim., 1909 f4T r2lim“ ’ ®«rtmnd 

Ferenoy and Da-rid, ibid., 1914 a 807’. ^ Chem. Zentr., 1912. ii., 35 . 

GugHalmemandHordh,A«i &c/e„im.Ai»a 1919, 58 , 346,- 

Schweiz. Apoth.-Zeit, 1920, ■;8 213 229 1»19. 7> 121 ; Heidusolika and Wolff 

’ ^ “ Brauer, Dissertation, Berlin, 1918. 
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The basicity of 12-tungstosilicic acid, as indicated by the formula, 
ai)])cars to be 8, and normal alkali salts, for exam})le, the 'potassium 
salt K8LSi(VV207)(}].14H20, were described by Marignac.^ Subsequent 
investigators, however, could not verify Marignac’s work, and 
showed that the products obtained by his method of preparation, 
namely, by saturation of solutions of the paratungstates with silicic 
acid gel, were salts of lO-tungstosilicic acid (see below) and not 
12--timgstosilicates. The normal mercurous salt Hg8[Si(W207)({].5H20, 
however, separates in pale yellow lamimc when mercurous nitrate is 
added to a solution of tlie free acid. 

The I2-tungstosilicates usually obtained correspond to the formula 
ll\iIl4lSi(VV207)(j|.tiiIl20. They may be prepared by tlie addition of 
mineral acid to a boiling solution containing alkali tungstate and silicate ; 
by tlie addition of alkali silicolluoride to a solution of tlie corresponding 
tungstate, until tlie mixture no longer yields a })reci|)itate of tungstic 
acid ^vllen treated with hydrochloric acid ; by treating a solution of 
the free acid with a metallic carlionate ; or liy doulile decomposition. 
Tlie salts crystallise readily, forming well-delined crystals,^ and each 
salt appears to Ibrm several well-dehned hydrates ; lor example, the 
sodium salt Na^Il^l Si(W207),.|.18ll20 is dimorplious, and hydrates con- 
taining I2H2O and IIII2O res{)ectively are also known. The cojiiier 
and elvromium salts each yield three hydrates. Tlie litliium, calcium, 
and barium salts yield liyclrates wliich are isornorphous with the rlionibo- 
hcdral form of the free acid, thus : ^ 

Il8[Si(VV207)«1.22ll20, 

Ia,lhlSi(V\l>d7)(;h22H20, 

CaJh|Si(W.>07), 1.221120, 
Ba;il,|Si(W207),].22H20. 

Isomor})hism also exists (see [). 281) between certain 12-tungsto- 
silieates and certain metatungstates and borotungstates ; ibr example, 
tlie following are isomor|)hous : 

K,1I,11L>(W.>07)«].1GIL,0, 

K,lhlB(W207),|.l(>ir20, 

K,H,tSi(W2O7)(j].10ll2O; 

and also 

Ba3njll2(W207)o].25H20, 

Ba.,.,H,lB(W.07)«].25ll20, 

Ba;H,[Si(W207)cJ.25H20. 

Thc^ 12-tungstosilicatcs form stable double salts with nitrates ; for 
example, 8Na,lI,[Si(W.>07),h Ca2lI,lSi(W2()7)(5l. 

(ki(N(),)2.13H20. 

The acid salts, Na2lIc5[Si(W207)G]-14H20 and K,ll5[Si(VV207), I.12II2O, 
liave been obtained by tlie action of mineral acicls on tlie ordinary 
1 2-timgstosili cates . 

' lor. ril. 8(M3 alsu Ann, (Jhim. Phn^., 1803, [3J, 69, 5 ; Oompl. rend., 1802, 

55, 888 ; Annalen, 18()3, 125, 3(52 ; 1804, 132, 25 ; J. prakt. GImn., 1803, 94, 350. 

- KtOirinauu, ZeiUch. anorg. Ghem., 1004, 39, 98 ; itoBcnheiin and Jiinicke, loc. ciL ; 
Braiu‘1’, lor. ril. Wyrouboff, Bull, Soo. fran^>. Min., 1890, 19, 219. 

^ Marignac, Ghvm. Phys., 1803“, [3], 69, 38 ; Ooiiaux, Bull. 80 c. jmng. Min., 1900, 
29, 77. ^ Copaux, Gonhpt. rend., 1909, 148, 033. 

Klein, An 7 i. Ghim. Phys,, 1883, [5], 28, 392 ; Copaux, Zeikeh. anorg. Ghem., 1911, 70, 
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('Hi:();\iiUM AX!) ri's coxoKXKit.s. 

/.vo-12-tungstosilicic Acid, W,(),),1.20H,,(). 'I'hj,, 

pound IS (iLstinct in {)ro|H‘rtu:s IVoin ihv I2d uuustusiH(‘i<' acid dcscrihcti 
above, and ibrins a seru‘s of sait.s which tliflVr iVoni {h(‘ I*>dincrs((» 
siheates. The two isonua-ic ferins W(*re recon’nisc(i by Marieuac '"uh(» 
distini»ui,slied them liy Uic nam<‘s silieotnncst ic acid and ( unn.s{ ^silicic 

acid. A similar isomerism occurs wiiii the I2-lmu-s(o!)oric acids (sec 

fu- yi'l is Ix'st pr.'i.arc.P l.y hcaliim 

at ,100 C a sohrtion conlammH’ sodium tmuystatc and sotiituu sihc-dc' 
made sh^htly aeid with sulfihuric aeiil. (hi addiiuf sulphuric aiad mni 
ether oi y clrops separate and holh Lsomcrie forms of the acid an* nro 
duced (he iso-acid iicin.iv in llm jrrcaicr <iuanlitv. aci.ls mav he 

separated hy Iractumal crystalli.salion of limir potassium sails t) . 
_T-diupto,sili(^ (irsl. ami then the rhomliic potassium 

ISO-salt,, Iv,II,|Si(\\ () (1,1,^ tj,,. i„. 

by Drechscls mcfliod. I’lic acid yields tri<'liui<- crvsials If n,,. 
potassium salt is iica.t.cd wit h water in a scald Inhc /p i:,,,' (•. p ' 
gradually translormcd into its isomcridc. K ,11 ,lSi(\V.,( ),),). mu 

Ihc lollowinc salts arc described by .Maritrnac ; “ ^ - • '»d- * 

Na,Il,|Si(\Vj 

{Nii,),ir,|.sit\vd)-)„i.(riij), 
as well as the normal salts 

K,,|Si(VV,,()„),,|.2t)IL( ), 

(Nil, )_,,j Si( \V.d )- ),, |. i ). 

The iiornial barium salt, Ba,,|Si(\Vd),),,l.-7iI j), is ohlaim-.P- as a lin.. 
eiystalhne powder hy ad(hn.ir harinin chloride to a boilin.- soiulion of 
amnionmin paratuncslatt- saturated with silicic acid md, :m<l allowinif 
the oil vvhich sc|)anitcs to remain in contact with the mother liuuor ^ 

'Mien ammonia, is added in lar-e bee'ss to 
a solution ol I2-tnim,stosilieie aeid and th,. mlvt ", 

timially shaken, a,n ammonium salt is formed whieh^^ervsi alH 

fmMrsio;wKtrs,rm"T^ v, 

yisu,,;HLCiiH\\.j(l j.j.Sij ().4 j jie crystals are readilv soluble in 

»"ii. ..i; lijs',;;';,'!; 

also^beeii pre}We(l ^ ' ^‘onvsimadmc «ruauiihnium salt has 

Imr complc.K silieovaiiadotunjrstates, sec p. 2.7H. 

Tun<s,htkn a.nd 'rrr.\N}f.vi. 

- 

not been conlirined. <><siiuhci, tail Iheir cMstenee 

I yii-iKiiiic ,|h„, Okim. ISIM, (,| i , ,,a 

ypaux, lor. rit. ; Kiust'nlu'im l, ■# . i U). tup 

yihrmaxm, ZdM,.. a/u-m !n'. ' h ' 

/^w/; u r . 39» , ibwruliuajuiiat Jatiiukfs |«,» 

17, ■ ■ * -f 


and 

lias 


becarine, Bnll. >Vor. chvm., 1881, (2), 36, 
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Tungsten and Zuiconium. 

By dissolving zirconium hydroxide in solutions of ammonium and 
potassium paratungstates Ilallopeaii ^ claims to have prepared 
10 "tungstozirconates of composition 4R’2O.ZrO2.10WO3.ajH2O. Accord- 
ing to other investigators, however, zirconium hydroxide appears to be 
quite insoluble in paratungstate solutions. 

Tungsten and Boron. 

Tungsten Boride, WB 2 , is produced when a mixture containing 
4 grams of tungsten and 0-2 gram of boron is heated in an electric 
furnace,^ or when an electric arc is passed between electrodes, made by 
pressing together finely powdered boron and tungsten, in a vacuum 
electric furnace.^ The product is silvery and metallic on fracture, and 
consists of microscopic octahedral crystals. The boride is brittle, of 
hardness 8 and of density, according to Tucker and Moody, 9-6 ; 
Wedekind found the density at 20° C. to be 10*77. It is slowly attacked 
by concentrated acids, more readily by aqua regia. Chlorine decom- 
poses it at 100° C. It readily dissolves in a fused mixture of sodium 
carbonate and potassium nitrate. 

Tungstoboric Acids and Tungstoborates. 

12-Tungstoboric Acid, H9[B(W207)6].28H20, is prepared^ by 
the addition to 1 part of normal sodium tungstate and 1*5 parts of boric 
acid of sufficient water to form a clear solution on boiling. After a time 
a mixture of sodium borate and boric acid separates. This is filtered 
off, the mother-liquor is treated with more boric acid, a further pre- 
cipitate is rejected, and the solution treated with sulphuric acid and 
ether according to Drechsel. The resulting oil is decomposed by cold 
water, and on evaporation in a vacuum, crystals of two isomeric acids 
separate simultaneously ; those in larger quantity being transparent 
octahedra of 12-tungstoboric acid, Il 9 |B(W 207 ) 6 ]. 28 H 20 ; those in 
smaller quantity, hexagonal bipyramidal crystals of i 50 - 12 -tungstoboric 
acid, H 9 [B(W 207 ) 6 ]. 22 H 20 .^ The first acid is isomorphous with the 
28-hydrates of the 12-tungsto- and 12-molybdo-phosphoric and silicic 
acids. It melts at 45°* to 51° C. The addition of nitric acid to its 
concentrated solution precipitates a lower hydrate containing IOPI 2 O. 
The hydrogen-ion concentration in a 0*05 N solution® is 8*5 X 10”^. 

A well-defined series of crystalline salts, of composition R 5 H 4 
[B(W 207 ) 6 ].a;H 20 (R=NH 4 , Li, K, Na, Ag ; R 2 =Ba, Ca, Cd, Cu, 

1 Hallopeaix, Bull, Soc. chim., 1896, [3], 15 , 917. 

2 Tucker and Moody, Trans. Ghem. Boc., 1902, 81 , 14 ; Moissan, Goiwpt. rend., 1896, 
123 , 13 ; Ann. Ghim. Phys., 1896, [7], 8 , 570. 

3 Wedekind, Ber., 1913, 46 , 1198. 

^ Copaux, GompL rend., 1908, 147 , 973 ; Ann. Ghim. Phys., 1909, [ 8 ], 17 , 217 ; Zeitsch. 
anorg. Ghem., 1911, 70 , 297 ; Bull. Soc. chim., 1913, [4], 13 , 324. See also Klein, Compt. 
rend., 1880, 91 , 415, 474, 495, 1070 ; 1881, 93 , 318, 492 ; Bull Soc. chim., 1880, [2], 33 , 
466 ; 34 , 23 ; 1881, 35 , 12 ; 36 , 17 ; 1882, 37 , 202 ; Ghim. Phys., 1883, [5], 28 , 350 ; 
Mauro, Bull. Soc. chim., 1880, [2], 33 , 564 ; Jahresber., 1880, 33 » ^51 ; Gazzetta, 1881, ii, 
214 ; Ber., 1881, 14 , 1379. 

3 Rosenheim and Janicke, Zeitsch. anorg. Ghem., 1911, *J0, 423 ; 1912, 77> 239 ; 1917, 
1 01 , 235 ; Rosenheim and Schwer, ibid., 1914, 89 , 224. 

® Brauer, Dissertation, Berlin, 1918. 
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Mg, Ni), has been obtained l)y cuTelhl atidili.,,, of ll,r nu-l-d iu,!,. v' r 
or carbonate to 12-tnng,stoi,orie aei.l. Tlu-s,. suits an' is n'l 1 'n' 

the corresponding salts at' otlier 12-lieteropoh-aeids ,• ' f., • ’ ‘V' '' 

addition to the examples alreailv «dven (se.-'i, -'ti-.i i "i 

NYi,[i)(vv 0 is i».»..osr.i„„,sti;i,ti„ si 

sodium ^ mctatnngstab>, Na„H,|II..(\V,.().)J.27H ,0 '.i -r ^ 
conductivities oC solutions of the sodiuiu v t eonI-ii„l, ■ ' 

u litres at 25“ C., Juive been found to 1" 'nol.-eule in 


;32 

A = 183‘l) 


Oh 

liHH) 


128 

203*2 


250 

2(3*0 


512 

225*3 


1021 . 

!»35*3 


Tlmse values eorres|H)nd witii those of a neutral peiilab-o i,. v,lf i i n 

neutrahsal ion ciirvesliows that at least two more of It, .'l i ' 

are replaceable. A guanidiiiiiiiii salt. ,H j lu \v (V i"t"'i ” ‘'I'”"'' 

obtained, and, aeeordiiig to ('onaiix the Idif h, i r “ ‘ 

to a solution of the ,so<rium .sidt "nv'l(l^. e u nitrate 

normal merenrous salt, n,g„| l}(\V.,b.),|.|oH..O " l‘>'■<•lI’l':de of the 

/i'O-n-tungstoboric Acid, " IIJBfW |) i 1 2211 O 

above, lias no definite meltimr-uo nl , i'lvpaivd as 
According to Copaiix, a potassiuiil an<l\a bariunTv,'|!’’u,'? V" h'"-'""- 
by treating the aeid with small nuantities of (I„ i f 
but that thc,se salts are distil et frm D r bydroxid,., 

has not yet been coneh.siv^. sL,wn. "“H;stoboral,.s 

•Dktkction .VNI) K.sTi.M.vrio.N on 'I’l nustox. 

simple owing^ to tlie wise'wilh whii-h 'f'l'"" is I'omparat i\ eh- 

soluble alkali tungstates, and to the faei "I''’!*’ '■'utierfeil ii,t„ 

VVO„ is almost in.sohdile i,, al , m 
bydrolluorie and phosphoric acids The el* o'’ 'i‘- ' 

■ 

crucible, or better, .sini'i th5e is ■'''dphale in a platinum 

tungsten alloys,=< with IK.tassiuni' i>l-->fumm in fusions of 
Ihc cooled mass is e.xtraeted with boilin i> i ** sih er or nickel <-rueii)|e. 
lymg with eoneentrateil h^ <bi aeidi- 

metalhc tin,^ a blue eohmr r rc^ and redm-ing by means of 
tungsten, lidhe rechietliii, is (2nt inm ■"'‘“•ales the presence of 

brown, due to the formation of tiuS^^ ‘'“•u'', ‘ >«-"o.nes 

^uch as zine, aliuniniuiii,s or .stannous elihivi '« agents, 

-o.. „r «„ , .iirr/ttri:;;:, ':;i, 

“"■•UAhS: 


269 


COMPOUNDS OP TUNC4STEN. 

The only other metals likely to give a blue colour are columbium, 
vanadium, molybdenum, and titanium. The colour due to columbium 
disap})ears on dilution. The colour due to vanadium may be obtained 
by means of tartaric acid, which gives no colour with tungsten. Tlie 
colour formed on reduction of molybdenum is from violet to black, 
while that due to titanium is violet ; these elements can easily be 
separated from the tungsten before the reduction test is made.^ 

Solutions ol‘ alkali tungstates are precipitated l)y dilute mineral 
acids, yellow tiingstic acid IlgVVO^ or the white hydrate IIojWOj.lUO 
being formed (see p. 205). The precipitate readily dissolves in alkalies, 
and on reduction yields the blue oxide. 

A fnicrocJieniiml method for the identification of the tungstic acid 
precipitate consists in dissolving a portion in a few drops of concen- 
trated ammonia and ])lacin.g one drop on a slide ,* ammonium para- 
tungstate soon crystallises as four-cornered plates on the edges of the 
drop, and as long needles in the centre.*^ 

Estimation. — The most convenient form in which to weigh tungsten 
is the trioxide WO3, which does not volatilise even at liigh tempera- 
tures. For the analysis of tungsten ores tliere are three nuithods of 
])rocedure in conn non use : ^ (1) A solution is obtained by digesting 
the (iiu'ly powdered mineral witli equal parts of hydrochloric and hydro- 
fluoric acids. If tin is ])resent it remains beliind as stannic oxide. 
The solution is evaporated witli excess of hydrochloric acid, and tlien 
l)oiled witli. a mixture of liydrochloric and nitric acids until all the hydro- 
fluoric acid is c‘X|)elled and the tungsten separates out as tungstic acid. 
This is dissolved on the filter by means of a little warm dilute ammonia, 
the solution being received in a weiglied platinum disli. After evapora- 
tion on a water-bath tlie residue is ignited and weighed as WOjj. (2) 
The |)owdered ore is fused with alkali as already described (]). 2()8) and 
the mass extracted witli lioiling water. The solution contains alkali 
tungstate and any alkali silicate and stannate (if tin is present). After 
evaporation to dryness witli excess of nitric acid, tlie residue is heated 
in an oven at 120° C. and then treated with a dilute solution of 
animoruiim nitrate slightly acid with nitric acid. Tlie residue is ignited 
in a platinum cmeible with free access of air, when tungstic anhydride 
remains. Tlie residue may contain silica, whicli can be removed by 
means of liydrofluoric acid, and a trace of stannic oxide, whieli may 
lie v()la;tilised a.s stannic eliloride ^ liy ignition with ammonium chloride. 
(3) Tlie finely ))owdc‘red mineral is heated, but not boiled, witli aqua 
r(‘gia, the liipiid eva,porated to aliout one-third of its Imlk and then 
diluted witli water. After standing, the solution is descanted and the 
residue washed liy decantation with hot water aeiduhilxul witli hydro- 
chloric acid. The residue is next treated with a solution of ammonia 
containing a little iimmonium chloride until all tlie yellow tungstic* a,c*id 
is dissolved and a white residue of silica remains. l''lie annnoniaeaf 
solution is evaporated to dryness in a platinum dish, tlu^ rc'sidue is 

^ Bec> textbooks of analysis, e.fj. Scott, Standard Methnl^ of Chemical Anahislci, 2n(l 
cd. (New Yorli, 1918), p. 448. Also for separation of W and Mo, s(‘t‘ MarbaJv(o’, d. Amcr. 
Chem, Soc.y 1915, 37, 8(> ; MemU, ibid.^ 1921,43, 2383; for sepanitioji of W a,nd '^15, sea 
Penner, Ohem, Zeit,, 1918, 42, 403. 

^ van Licvmpt, ZaiUeh. anorg, Ohem., 1922, 122, 230. See also Vivario aii<l Wagenaar, 
Pharm. Wnekblad, 1917, 54, 157, who suggest the use of urotropine. 

•‘ Hartman, he. clL 

^ Dittler and von ( Iralfenriod, Chem. Zeit^ 1916, 40, 681, 
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gently heated to expel ammonium salts, and then strongly ignited. 
After cooling, it is moistened with hydrofluoric acid, evaporated to 
dryness and again ignited, and finally weighed as WO3. 

Many modifications of the above methods have been described A 
If arsenic is present in the ore it may be removed ^ by treating the 
aqueous extract — after fusion with sodium carbonate and sodium 
peroxide with phosphoric acid. This forms a complex with the 
tungsten, and the arsenic may be distilled off. It has been suggested 
that the formation of complex silicotungstates may be a source of error 
in the above methods of analysis.^ Tungstates may conveniently be 
estimated by precipitating the mercurous salt (see‘p. 221) and con- 
verting it to the trioxide by ignition.^ Use has been made of the fact 
that tungstic acid volatilises when heated in a current of carbon dioxide 
saturated with carbon tetrachloride vapour.^ By collecting the pro- 
duct, evaporating with nitric acid and igniting’, the pure anhydride is 
obtained. According to Gutbier and Weise,® tungstic acid in acetic 
acid solution is quantitatively separated by means of Busch’s “ nitron ” 
ace^te reagent. Organic precipitants have also been employed."^ 
Reliable volumetric methods for the estimation of tungstic acid 
are not known. An indirect method recently suggested for use with 
ow-grade ores consists in precipitating tungstic acid from a slightly 
acid solution by means of cinchonine hydrochloride, dissolving the pre- 
cipitate m ammonium acetate solution, and adding an excess of a stan- 
dard solution of lead acetate. After standing half an hour the e.xcess 
ot lead acetate is titrated with ammonium molybdate. Another volu- 
rnetric process employs benzidine hydrochloride as precipitant.*’ The 
washed precipitate is mixed with water and titrated at 60 ° C with 
f hydroxide, with phenolphthalein as indicator. It 

m keep the solution free 

tungstate is riadily hydrdy ed 
so that the result gives the total WO3 present. ^ ’ 

7"*^^ methods of determination have been suggested 
For the determination of the tungsten in commercial fomis of the 

mSa ’ whlnT^ to the above are available. The 

metal, when in the finely powdered condition, readily dissolves in a 

Anal. Soc. Qnim. ArffmUna, 

- Dieokmann and Hflpert, Ser., 1914 , 47 2444 ' 

« and Hordh, ,Soc. Quim. Argmtina, 1917 c 81 

vanadium, 

“ C'AeTO.,’l 918 ,'[ 2 ], 97 , 141 

7 tteise, Zeitsch. anal. Chem., 1914,53 426 

anal. ’ Tschilikin, Ber., 1909 , 42, 1302 ; Kafka, ZeiM,.. 


41, 145 ^""’ 1921 , p. 101 . 


See J. Soc, Ghem. Ind., 1922, 


783 ; Arnold, zktsch. Knorre, Ber., 1905, 38, 


»• #eTtt r. ■ 

colorimetric method of estimation's mLll^a^ua^itilf^ OompL rend., 1918, 166, 416. For a 
Ind. Eng. Chem., 1923, 15, 350 ^ 9.^antities of molybdenum ir 

Hodes. Zpifjin}) n-L,.. 


i in tungsten, see King, 


11 pr I ^ r ^ 

102. ^oi'tiieestimatiMrf’K*S"s^C^Ind%^'^inm'^irn’-'^w‘ 

£Am., 1914, 88, 74, 333 ; for senaratioTof M metallzo W, see Arnold, ZeiUch. amrq. 

J . Amer. Ghem. Soc. 192^ aa f Hoppel, Chem. Zeit., 1924,48 801* 

Zeitsch. anal. Ghem., 1922, eriOTl’ ot A see Froboese and’/ro’boese,’ 
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mixture of ammonia and liydrogen peroxide, or in ammonium per- 
sulphate ; ^ when massive, it is best dissolved electrolytically, using 
ammonia containing a little ammonium persulphate in a platinum dish 
as cathode, but small pieces will also dissolve readily in fused alkali 
nitrate. 

Lottermoser lias described - two methods for estimating the amount 
of colloidal tungsten in commercial tungsten powders. In the first 
metliod the powder is shaken with water and tlie mixture allowed to 
sediment for two days. Tlie supernatant liquid is removed and replaced 
by water, and tlie shaking and sedimentation repeated as long as tliere 
is any measurable quantity of tungsten in the liquid. Tlie sediment, 
when dried and weighed, gives the non-colloidal portion. The second 
metliod consists in examining the solutions from wliicli the |)owder has 
sedimented. Tlie quantity of colloidal tungsten present is estimated 
by means of its absor[)tion of light from a quartz mercury lamp, which 
passes through, the solution on to a potassium photoelectric cell.^ Tlie 
absorption is measured by deflection of a galvanometer. 

In tlie analysis of tungsten steels the sanijile may be dissolved in 
hydrochloric acid or dilute sul})huric acid in alisenee of air. Tlie 
tungsten remains undissolved and is ignited, fused with sodium car- 
bonate, and estimated liy ordinary metliods.^ 

Ferrotungsten alloys decompose completely whcii fused with 
ammonium sul])liate and concentrated sulpiiuric acid.*'* If the mass is 
extracted with water the iron may be sejiarated from tlie solution by 
means of ammonia ; the tungstic acid remains in tlie residue, and any 
going into solution may be recovered by addition of liydrochloric acid. 
A method of analysis which appears suitable for rapid industrial control 
of the proportion of tungsten in iron alloys and tool steels employs a 
50 per cent, solution of nitric acid, containing a little liydro fluoric acid 
in order to dissolve the sample. Subsequent digesting witli concen- 
trated sulphuric acid eliminates hydrofluoric acid and c;auses complete 
precipitation of tungstic acid, which may be ignited and weiglied in tlie 
usual way. 

Reliable electrolytic methods for the analysis of tungsten com- 
pounds are not known. 

^ Arnold, he. oil. 

- Lott(;rnio.S(vr, Kolloid ZnUch.^ 1922, 30 , 52. 

See also van laem])t, Rev. Trav. vhim., 1924, 43 , , 20 . 

^ Arnold, lov. clt. ; van Dnin, Chem. Weefcblady 1917, 14 , 109. 

Ldwy, Zeitsch, emgew. Uhem., 1919, 32 , 279. 

® LoHana and ( 'arozzi, Oiorn. Ohiw.. Ind, Appl.y 1922, 4 , 299. Sen also Fiebcr, Chem. 

1912, 36 , 224 ; Dittler and von (Irallrnriod, ihid.t 1910, 40 , 081. 


CHAPTER VIII. 

URANIUM. 

Symbol, U. Atomic weight, 2.38-17. 

Occurrence.— Uranium is not widely distributed in nature. It occurs 

pbnL^cf^r ^ minerals, and these are not very 

abundant. The most important ore is pitchblende i or uraninite, which 

U 0 toletLt^ per cent, of uranium oxide, usually exjiressed as 
mid th^m^I n quantities of iron, lead, bismuth, thorium, 

and 2so hi v™ * massive with indi.stinet crystallisation, 

ciL are Lmet?.; T f %l well-defined oetahedra and 

"ranitie roots found. The mineral occurs as a constituent of 

fead iroircnb«r'^-^'°i "" ™«t^’'iferous veins with suliihides of silver, 
whi SJstam^e ’ It is brittle, of hardness 5-5 and, 

densi+ir \ ' density 9-0 to 9-7 ; of massive altered forms the 

mtch milk'?® from 6-4 upwards. In appearance uraninite ?e"e?A£ 

S"Lriou?To5l¥’''-'%^^-^ It^founda^°JoachhSs^^^^^^ 

Co^ecUcut, N„‘r Sr^Sn-n^'iSf: V "i 

Quebec^^Tod with monazite in the Villeneuve mica veins 

-- Il^druth i?; 

uranate of uranylXt X ratio UO T^""® ^e essentially a 
specimens from the same loo Jft? UO^ UOa varies widely, even in 
mineral was ori^nally tL dSde UO suggested “ that the 

ThO,, and that the trio^hu f ’u^®^’ '^^^^urphous with thorianite, 

pu”|d mSi® ^ Ts'noTi glne^ii 

HelLkn^'/'Liro^”’ ’ Ebelmen, A,m, 

I Tipper, Mec Geol Surv, India, 1919, 50 255 

grad, 1909, [ 6 ], 3,^203.'^°^* 1909, 43 , 28 ; Tschernik, Bull Acad. Sci. Petro- 

g Schoep, Bull Soc. chim. Belg., 1923 32 274 

’ hISS >• ^ 0 . cit. 

... ’ Sur..y, 

> 1878, 4 , 28. 
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cubic crystals of density 7-49, whilst broggerite yields octahedra of 
density 9-03. Nivenifc is similar to cleveite, and like the latter mineral 
contains about 10 ])er cent, of tlie yttrium earths. It occurs in Texas, 
and is generally Ibund massive with indistinct crystallisation. Hard- 
ness 5*5 ; density 8*01. It dissolves more readily than other varieties 
of uraninite in dilute acid, being completely decomposed by digesting 
with very dilute sulphuric acid at 100'' C. A very pure form of 
uraninite occurs ^ in the Morogoro district of Tanganyika Territory, in 
the form of crystals containing 87 to 88 per cent. UgOg. These are 
largely altered to a yellow uranyl carbonate known as rutherfordine, 
UramrtJuillUe occurs as an incrustation, consisting of minute indis- 
tinct crystals, on uraninite at Joachimsthal. It contains the carbonates 
of calcium and uranium, its composition corresponding to the formula 
2CaCO.j.U(CO.j)2.10H2O. It is greenish, translucent, and vitreous in 
appearance ; hardness 2-5 to S O. Liehigite ^ is a similar mineral, 
ibund near Adrian()|)le, Turkey, and at Joachimsthal, the composition 
of wliich is probably CaC03.(U02)C03.2()U20. It is transparent,^ of a 
beautiful apple-green colour, and has hardness 2*5. Voglite, also found 
at Joachimsthal in aggregations of green crystalline scales, contains 
carbonates of calcium, uranium, and copper.'^ 

Gtmirnite is an alteration-product of uraninite of doubtful composi- 
tion. It ap})cars to be a hydrated silicate of uranium, containing lead, 
calcium, and sometimes iron. It occurs in rounded or flattened pieces, 
reddish yellow to reddish brown in colour, resembling gum. Hardness 
2-5 to S O ; density S O to 4-2. It is fbund in North Carolina and in 
Saxony. Varietic's of gummitc found near Joachimsthal are known as 
and pittiwite ; svdd/ite and cJiinkolobwite ^ from Katanga, Belgian 
Congo, contain uranium and silica, and probal)ly have the com])osition 
I2U();j.5Si()2.I lH20 ; yttrogmnmite ^ occurs witli cleveite ; thoro- 
gwtiiiiite ^ is found in Texas. A uraninite partly altered to gummite, 
and known as eoracite, occurs north of Lake Superior.*^ 

ZJranopIuine^ or iiranotil,^^ a further alteration-|)roduct of uraninite, 
is a hydrated silicate of uranium and calcium, of composition CaO. 
2UO3.3Si0.>.7H20. It is found with the uranium minerals in Silesia,^ 
Bavaria, l^ixony, and North Carolina, occurring in aggregations of 
minute yellow acicular prisms, often as an incrustation upon, and 
penetrating into, gummite. _ 

Urarimplmrite, a bismuth uranatc of composition 
3lL>0, occurs in Saxony in orange-yellow liall-globular aggregated forms, 
of hardness 2-3 aiid density Cy SO. 

Aut unite, mlco-u/ran-ite, or Vime-immite,^^ a hydrated phosphate ot 


J Marcikwald, OeMr. Min., 190G, p. 761 ; Lamho. Jahrb., 1900, 38, v., 423. 

'•1 Sciu*a,uf, Zeit^ch. KryM. Min., 1882, 6 , 410, 

‘‘ Smith, Amrr. J. HaL, 1848, [2], 5, 336 ; 1851, [2], ii, 250. 

^ S(‘(‘ also AiitipolT, Zeilsch. Kryst. Min., 1902, 36, 175. , 

•* Sc.hoci), Hull. Aoc. Bdy. Geol, 1923, 33, 87; Bull. (U Behj., 1923, 32, 345; Gompt. 
rend., 1022, 174, 1066 ; 1921, 173, 1186. 

Nordenskjiild, loc. cit. 

’ Hidden and Macddnto.sb, Amer. J. Set., 1889, [3], 38, 480. 

» Whitney, ibul, 1849, [2], 7, 433 ; Genth, ibid., 1857, [2], 23, 421. 

** WebBky, Zeitfich. Geol. Ges., 1853, 5) 427 ; 1859, ii, 384. 

Borkdw, Ao/n/?-. 6k^s^, 

” Watson, Amer. J. 8ci., 1902, [4], 13, 464 ; Genth, Am,er. Gliem, J., 1879, I, 88. 
Winkler, J . praM. Cheni., 1873, [2], J, 5. 

Berzelins, Jahresber., 1823, 4 , 46. 
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uranium and calcium/ Ca(U 02 ) 2 (P 04 ) 2 . 8 H 20 , is ^venerally found with 
uraninite. One of its chief sources is near Autun in France, but it also 
occurs in various localities in Germany and the United States, in Mada- 
gascar, Portugal,^ near Limoges, and in Cornwall. It usually occurs as 
thin, yellow, transparent or translucent, tabular crystals of the ortho- 
rhombic system, or in foliated aggregates with micaceous structure, 
with hardness 2 to 2-5 and density 3-05 to 3-19. Its uranium content 
is equivalpit to 55 to 62 per cent. UO 3 . The Cornish autunite appears 
to be distinct from the original mineral from Autun, ^ and to belong to 
two different species wLich have been named bassetite and urmio- 
spathite. Both form yellow crystals with a micaceous cleavage ; 
bassetite is monoclinic, 


a : b : c=0-3473 : 1 : 0-3456 ; ^=89^ 17', 

and of density 3-1 ; uranospathite is orthorhombic and pseudotetra- 
gonal, and of density 2 - 5 .^ 

Torbernite,^ iorberite, chalcolite, cupro-uranite, or urarihun mica is a 
related mineral to autunite, but is greenish in colour and yields tetra- 
gonal crystals of density 3-4 to 3-6 and of hardness 2 '() to 2 - 5 . It is a 
hydrated phosphate of uranium and copper, Cu(UOAUPOA.. 8 rUO,« 
but the phosphorus may in part be replaced by arsenic.^ The“mineral 
exhibits a perfect basal cleavage which often imparts to it a micaceous 
structure It occurs chiefly in Cornwall ^ and in the pitchblende dis- 
tricts of Saxony, Bohemia, and Belgium. It generally contains 56 to 
per cen . 3 Both torbernite and autunite are included under the 

common name of uranite. Minerals closely related to these are • 
^eunerite a greenish arsenate of copper and uiWium, Cu(UOo)o(AsOA.. 

SL cTuo wSiTot o“? to com- 

position La(UU 2 ) 2 (As 04 ) 2 . 8 H 20 ; uranocircite, a phosphate of barium 

and uranium, Ba(U 02 ) 2 (P 04 ) 2 .SH 20 ; » walpurgUe, probably a bask 

SStous forTs^h^''? uranium; w dmindtUe and ftasite, ^iparently 

8 UO sS fan O uranium phosphate, of composition 4 PbO. 

P/iosp/iMm«?/life,i2ahydratedphosphate, (UO^lkPOdo 6 H O occurs 

>• (UO,),(AoO.),. 

Pereira-Forjaz, Compt. rend., 1917, 164 ,’ 102 ; Strutt, Proc. Soy. Soo., 1909, A, 83 , 

® HaJIimond, Min. Mag., 1915 , 17, 221. 

1909, [6],i^° 816!“^“ examination of autunite and torbernite, see Gray, PUl. Mag., 

6 W “ft 44" 147- 

77o'’ 

“ hi. lit' 

Genth, Amer. Chem. J., 1879, i 92 °®^’ 1922, 174 , 623, 875. 

Pereira-Porjaz, Compt. rend.] 1917) 164 , 102 . 
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Carnotite ^ is a double vanadate of potassium and uranium, of 
probable composition K2(U02)2(V04)2.8H20,2 but generally very 
impure with silica. It occurs as a yellow crystalline powder, or in 
loosely cohering masses, cliielly in Colorado and Utah, but also in 
South Australia and Portugal.'*^ The mineral has attained consider- 
able importance in America as a source of uranium and radium. 

Other minerals containing uranium are : thoriamte, generally re- 
garded as an isomorphous mixture of the dioxides of uranium and 
thorium, containing 10 to SO per cent. UOg, found chiefly in Ceylon ; ^ 
uranotlwrite, a name given to varieties of thorite containing uranium, 
as much as 10 per cent. UO3 sometimes being present ; gilpinite, occur- 
ring in Colorado in aggregates of minute yellow crystals intermixed with 
gypsum on pitchblende and copper ore, and hav^ing the composition 
R0.U0 .j.S0;^.4H20 (R==Cu, Fe, Na2) ; ^ uranopilite, from Cornwall, is 
a similar mineral to gilpinite and probably identical with it ; ® euxenite 
and polyerase, colinnbates and titanates of yttrium, erbium, cerium, and 
uranium, containing 4 to 10 per cent, uranium ; prio7'ite and blonistran- 
dine-prm^^^ similar to euxenite and poly erase, but containing less 
uranium ; ^ blorristrandU^^ containing tantalum in addition to columbium 
and titanium ; tyrite,^^^ com})lex columbates of yttrium, cerium, uranium, 
calcium, and iron ; pyrocldore, columbate of calcium rich in uranium; 
samcirsldte, a uranotantalate of iron and yttrium, found in Siberia and 
Nortli Carolina; jtvrgusoiiitc, complex columbates of yttrium, cerium, 
uranium, (‘jilciurn, and iron ; hrannerite from Idaho aiid clelorenzite 
from Piedmout are |)robably complex titanates. Many other rare 
earth minerals, such as wschenite,'^^ cerited^^ xenotimed'^ moiiazite,^^ and 
ytirocrastite,'^^ contain small quantities of uranium.^® Traces also occur 

1 Fricdcil and Ciuncngc, Conipt. rend., 1899, 128, 532 ; Bull. Soc. 1899, 22, 20 ; 
Hill(d:)rand and llaiiHOine, A-mer. Ohem,. ./., 1900, [4], 10, 138; Boltwood, Anie.r. J. 

1904, 18, 97 ; Adams, ibid., 1905, 19, 321 ; Crook and Blake, Mm. Ma(j., 1910, 15, 171 ; 
Mnorii and Kitliii, ‘‘A Freliininary Report on Uraniuin, Vanadium, and Radium,” 
Waslungt-on, 1913, liimuiu of Mine.^ Dept, of the Int. Bull., 70. 

“ See tins seric's, Vol. IIL, Part 1., p. 2()0, footnote. 

VV^ard, Minini} Jowrntd, 1913, 103, 1134, 

^ J:\ireira-Korjaz, loe. eit. 

Troost and Ouvrard, Oom/pt. rend., 1882, 102, 1422 ; Hillcdirand, ZeitsrJt. anorg. 
GJmn., 1893, 3, 243; Bull. U.S. (Jeol. guru. Nr., 1893, p. 113; Dimstan, Nature, 1904,59, 
510, 533, 559 ; 0<)()mara,swainy, Mineralogical Burvey of Ceylon, 1904 ; Dunstan and 
Jones, Pfoc. Roy. Boc., 1906, 77, A, 546 ; Biiehner, ibid., lOOO, 78, A, 385 ; Szilard, Com pi. 
rend., 1907, 145, 4()3; KobayaBhi, ScL Rep. Tdhoku Imp. Univ. Sendai Japan, 1912, i., 
201 . 

Larsen and Brown, Amer. Min., 1917, 2, 75. 

* Solicerer, Pogg. Armalen, 1840, 50, 149 ; 1844, 62, 430 ; 1847, 72, 500. 

” Brdj^ger, Die Mineralien der Sudnorumgluehen 1906, ]). 98. 

Lindstrom, Ceologiuea Poreningem i Stockhohn Fdrhandlingar, 1874, 2, 162 ; Lacroix, 
Co7npL rernd.. 1912, 154, 1040. 

Rammelsberg, Pogg. Annalen, 1871, 144, 191 ; 1873, 150, 198. 

“ Rammelsberg, ibid., 1877, 160, 658. 

Rammelsberg, ibid., 1873, 150, 200. 

Hess and Wells, J. ffranklm ImL, 1920, 189, 225. 

Zambonini, Zeitsch. Krynl. Min., 1908, 45, 76. 

Marignac, A nn. Chvm. Phyn., 1868, [4], 13, 24. 

Rammelsberg, Pogg. Annalem., 1859, 107, 631. 

Krauss and Reitinger, Zeitftch. Kryst. Min., 1901, 34, 268. 

Hofmann and Zerban, Chem. New.% 1902, 85, 100 ; Metzger, J. Anier. Ghem. Soc., 1902, 
24, 901. 

Hidden and Warren, A^ner. J. Sci., 1906, [4], 22, 515. 

For table of principal U and Th minerals, see Szibird, Le Radium, 1909, 6, 233. 
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in kolm, a variety of bituminous coal found in Sweden, the ash of which 
contains I to 3 pev cent. U^Og. 

The presence of uranium in the sun has been shown spectro- 
scopically.^ 

History. — Previous to 1789 the mineral pitchblende had been con- 
sidered to be an ore of zinc or of iron, but in that year Klaproth - 
suggested that it contained a new element, to which he gave the name 
uranium, in honour of Herschel’s discovery of the planet Uranus in 
1781. By reduction of the mineral at a high temperature, a product 
was obtained ^ which was believed to be the metal, but which was later 
recognised as the oxide UOg. The formation of uranyl salts (see p. 287), 
in which this oxide plays a part analogous to that of a metallic element' 
supported the view that the metal had been isolated, but in 184() 
Peligot prepared a new chloride, uranous chloride (see p. 294), whose 
composition was not in agreement with the idea that the so-called 
‘‘ uraniuni ” was an element, and in 1842 he prepared the true metal 
by reducing his chloride with potassium.^ He also showed that tlic 
substance hitherto regarded as the element was in reality an oxide 
(seep. 300 ).5 


The nature of uranium minerals was later investigated by Hille- 
bran^e and in 1889 a gas, assumed to be nitrogen, was obtained from 
pitchblende by treating it with dilute sulphuric acid. The presence of 
this gas was remarkable, since nitrogen was not known to be present 
m any other mineral belonging to the original crust of the earth. After 
the discovery of argon, 7 however, the gas was re-examined by Ramsay « 
who observed that it gave a spectrum identical with that observed in 
the sun s chromosphere by Lockyer in 1868, and attributed to the 
presence of an unknown element named helium. Thus terrestrial 
helium was discovered. It was first obtained from the mineral cleveite '• 
Cornish pitchblende yields only a small quantity of the gas. The pro- 
duction of helium from uranium preparations has also been obseryed 
the radioactivity of uranium was discovered in 1896 by Becauercl lo 
Madame Curie, observing that the radioactivity of 
pitchblende was greater than that of the element uranium, sugoJted 
that small quantities of a more active element were probably present 
m the mineral. This supposition led to the extractioil of a SoS of 
he new element and to the subsequent discovery of radium.ii^ The 


^ Lockyer, Phil Mag., 1879, 6, 161 

3 Klaproth, Creirs AnTmlen, 1789, 2 , 400 ; Beilrage, 1789, 2 , 387. 

S 1 Arfveclson, Pogg. AmiaJ-en, 1824, i, 245 • ScJiweinaeff J isor 

44,8. See also Berzelius, Pow Annalpn t q \ •’ 1825, 

Jahresher., 1843, 22 116 1824, I, 359 ; Schwagger's 1825, 44 , 191 ; 

12s , tl?!’ 1842. 55. 318 i 5«. 

J. praH. Chem., 1843, 29, 209. ’ ^ J» 5» 189 , Heitheim, ibtd., 1844, [3J, ii, 49 ; 

189l,4r39r^’ No. 78; A,ner. J. 8ci., 1890, 40 , 384; 

also pp. 113, 116, 192, 193 ■ 59 349 ^ Lockyer, ibid., 58 , 67 ; 

JSoddy, .Vat»re, 1908,V9. 1297 ir Radium, 1908, 5 , 361 ; ZeiisA, 1909, 

Chap.X, Radioactivity of Uranium see this Vol , 
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remarkable properties of this extraordinary element has caused the 
mining of uranium minerals to attain very considerable importance, 
and owing to the fact that even from the purest uranium earths not 
more than about 8-4 parts of radium to ten million parts of uranium can 
be obtained, the output at present is insufficient to meet the demand. 

Treatment of Uranium Minerals. — The chief source of uranium 
compounds is uraninite, but at the present time the working up of all 
uranium minerals lias for its main object the extraction of radium,^ 
and tlie uranium salts arc merely produced as by-products. The 
metliods in use vary according to the nature of the desired product, 
whicli may be ammonium or sodium diuranate, or uranyl nitrate. 

Tlie mechanically dressed ore is first roasted in order to remove 
sulphur, arsenic, and other volatile ingredients, and then heated in a 
re\^erberatory hirnace witli sodium carbonate or sodium sulphate. The 
|)roduct is extracted with warm dilute sulphuric acid, whereupon the 
uranium passes into solution, whilst tlie radium remains in the residue 
witli calcium, liarium, and lead. This residue, which is the starting 
materia] for the extraction of radium, also contains silica and small 
quantities of copiier, bismuth, arsenic, antimony, iron, aluminium, 
manganese, zinc, nickel, cobalt, thallium, vanadium, columbium, tan- 
talum, and rare earths. 

The acid filtrate is treated with an excess of sodium carbonate 
solution, whercliy liasic carbonates of iron, aluminium, nickel, and 
colialt are ])reci|)itated, while the uranium remains in solution as 
sodium uranyl earlionatc.^ The solution is neutralised by adding sul- 
pluiri(i acid and ])oiling, and on evaporation, sodium diuranate, 
separatx's as a heavy yellow precipitate. If ammonium 
ca^rbonate is used instead of sodium carbonate, or if the solution of 
sodium uranyl carbonate is boiled with ammonium sulphate, ammonium 
diuramitc^ is olvtaincd.'* In order to obtain uranyl nitrate, 
lJ() 2 (N 0 .j)jjd)Il 20 , the animonium diuranate may be heated and the 
residue (iissolved in nitric acid ; or the original ore after roasting may 
l)c dissolved in nitric a(*id and the solution evaporated to dryness, the 
residue then being digested with water, filtered, and allowed to crystal- 
lise.'^ The uranyl nitrate is })urified by rccrystallisation from water.^ 

Carnotite may l)e l‘used with potassium hydrogum sulplxate and the 
residue extra, (rteVl with water. From the solution the double sul- 
])hat(‘s of potassium with uranium and vanadium may l)e obtained l)y 
crystallisxdion. These are reduced by means of zinc and sulphuric 
a(‘id, and th(‘ vamulium ])recipitated from the solution by means of 
ammonia and aivuru)riitim carboriate. Ammonium diuranate separates 
Ixom the filtrate on boiling.*^ 

' S(‘(^ iluH H(‘ric.s, Vol. Ul., Part 1., ]). 208. 

ViiWvih, IHm/L poh/. 1854, 132, OO ; 1856, 141, 371 ; J. pmkl. C'lumh., 1849, [1], 
46, 182 ; 1850, 51, 122 ; 1854, 6l, 379 ; 1856, 69, 118. 

S(‘(‘ < 5(‘.s(*(4v{‘, DinuL poly. J., 1852, 124, 355 ; J. pmkL Ghem., 1852, 55, 445 ; Wohler, 
Fogy. Annairn, 1815, 64, 94. 

d P(MiKot, .47/./A. (Jfiinh. PhyH., 1844, [3], 12, 557 ; Ebelmcix, ibid., 1842, [3.], 5, 180. 

W’illa^-Dih’furt, IPiw. VeroffenU. Hiemem-Konzern, 1920, i, 143 ; Ohem. Zmir., 1921, 

Ohem. ZeMr., 1906, ii., 1172. 80c also Ohly, OhevL ZeMr., 1900, li., 405; 

lluytK's, 'Mine^ (md 1909, 30, No. 3, 139; Alooro and Kit hi 1, “A Preliminary 

K;(‘port on Uranium, V anadium, and Radium, ’ WaBhington, 1913, Sueettii of MIhqs Dept, 
of the Ini. JkilL, 70. 
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Preparation of Uranium. -~™Thc isolation of the inctal in a state 
of purity IS accomplished only with diOiculty. Tliree inet lnxls ot pro 
cedure have been suggested, namely, (1) by reduction of u ranu»urani(‘ 
oxide, (2) by reduction of uranous chloride, and (3) b\’ i'ha^irolx sis. 
The best results have been olitained by the first metliod, whicti als(^ 
possesses an advantage in using as the sta,rting material an oxide wliieh 
is a commercial product. 

1. Reduction of UTciiio-urunic Oivide, UjOj^. d^his was lirst ac'eom- 
plislied by Moissan,^ who heated 500 parts of tlu‘ oxidi* with M) |>arts 
of sugai caibon " in an arc lurnaee. C'oniph'ti' rtahiefioii onh* lakes 
place above 1500 On a eommereial seiihs uranium ot 00 to !ts 

per cent, purity can be obtained. Tlu‘ j>roduet always (‘out a ins enrlHui, 
liie oxide may also be reduced by heating with mag^iu‘sium or 


c 


D 


i 



Pig. 5.— Type of furnace u.scd by Kideal for flu. preparafiou of uranium. 

AA, Magnesia tnfe B,J, (JaHu.u r,.Hi,st«u..e. 

(,C-, J)J>, 

aluiiiinkun powder.^ llidcal = nbtainod i.n.niu.u ol’ !),s („ <)o 

purity by heatiiiu, in a tube of iiure ina<uu‘si-. •, n ivi . ' , ' 

1 Moissan, Gompt remd., 189(), 122 , 1088. 

See also Alow ^Soc. cldm., 1901, 81, 844 

^ Greenwood, Ghem, 1908, 93 , 

bageu rdToColi’’«.,^S2'‘3S ’oot’ Atr«”//'‘v 

Oiolitti and Tavanti, fesetta, loosfls ' bo ^ I'*!’ 

^ Rideal, J. Soc. Ohem. Ind., 1914, 33 ,' clf ' 
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condition, so that it could not be immediately exposed to the air ; the 
hydrogen was therefore first displaced by carbon dioxide. Excess of 
magnesium was removed by washing with dilute acetic acid. By 
heating urano-uranic oxide with sodium and magnesium, in presence 
of calcium chloride, in a steel cylinder, to bright red heat, Rideal ^ 
obtained a greyish-black powder containing 99-4 to 99-6 per cent, 
uranium with traces of iron. 

2. Ueductiori of Uranom Chloride . — The metal was first produced 
by Peligot ^ by the action of potassium on uranous chloride, and 
Zinimermann obtained the metal as a black powder by reducing with 
sodium in presence of sodium chloride. Rideal,^ repeating Zimmer- 
mann’s experiments, and heating at 800° C. in a resistance furnace for 
forty-five minutes, obtained, after washing with alcohol and water, a 
brown powder containing 99*8 per cent, uranium. According to 
Moissan ^ the product is liable to be impure to a varying degree with 
iron (up to 2 per cent.) and sodium chloride; he therefore used the 
double chloride, UCl 4 . 2 NaCl, which is less hygroscopic than uranous 
chloride, and obtained a product which he considered was 99-4 per cent, 
uranium. Moore also ol)tained an exceedingly pure product ® by 
reducing carefully j)urilied uranous chloride with pure sodium by 
heating in vacuo m a steel bomb, and extracting the metal in an atmo- 
sphere of dry nitrogen. Substitution of magnesium for sodium, and 
of uranous fluoride for uranous chloride, have been suggested, but the 


results are not satisfactory. 

3. ElectrolyUc -Moissan ’ obtained the metal by electrol- 

ysis of the double sodium uranium chloride in an atmosphere of 
hydrogen, using carbon electrodes. Feree,® by electrolysis of an aqueous 
solution of uranous (•hloride, using a mercury cathode, obtained a 
iiranium amalgaui, from whicli lie isolated the uranium by distilling 
off the mcu'cury in vacuo, Ilow'cver, urauium cannot be obtained in 
any quantity by this means. 

Physical Properties. —Pure uranium is a lustrous white metal. 
When, prepared l)y electrolysis of uranous chloride it is deposited as 
small glistening crystals ; l)y reduction of the oxide it is usually 
obtained as a brown or black powder. '^^Fhe metal is malleable, but less 
so than thorium ; it is v'cry ductile and is capable of taking a high 
|)olish. It is not liard enough to scratch glass. Its density at 13 C. 
is 18-685.^^’ Tlie metal, when free from iron, is slightly paramagnetic, 

the susceptibility being | ()-9xl0 ~®. 

The position’ of tlie metal in the electromotive series is not con- 
clusively detcu’mined. 14ic electrical potential of uranium in contact 
with aqueous elcc'trolyte lias been measured by Muthmann and hraun- 


1 Rideal, loc. cit. - Pelii^ot, Ann. Ghim. Phys., 184:4, [3], I2, 557. 

Zimmerniaun, Prr., 1882,15, U82. 

^ Rideal, he. e.U, ; Rischor and Rideal, Zeiheh. morg. Chejn., 1913, 8 i, 

Lely, jun., and Hainburger, ibiiL.^ 1914, 87 , 209 ; Barat^iula, Ckem. AeMr., Ulo, 1 ., 32 , 
Schweiz, 1915, 53 , 477. nj 

« Moissan, Com.pL rend., 1890, 122 , 1088. 8eo also .Hoderburg, /jeitsch. anorg. Uirni,, 


Mooiir*/. Amer. ElacUoctmn. Eoc., 1923, 43 , 317. See also Goggin and others {J. Ind. 
Eng. GJmn., 1926, 18 , 114), who reduce with metallic calcium. ^ 

^ Moissan, he, cit. ** Fereo, JMl. Eoc, chvm., 1901, [3], 25 , 622. 

M'^ely, jun., and Hamburger, Zee. 

^0 Zimmermann, Ber., 1884, 17 , 2739 ; Amialen, 1886, 232 , 310 ; lohgot, Zoc. ext. 
Honda, see Wedekind, MagnetocUnm, p. 76, Borntriiger, Berlin, 1911. Meyer 
{^MonatsK 1899, 20 , 369 ; Wied. AnnaUn, 1899, 68 , 324) gives -}-0-21 X 10-«. 
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berger,^ who showed that the pure metal, in contact with a normal 
solution of potassium chloride, in the element 

UIKClIKCl.Hg.ClJHg, 

assumed a potential 0-46. The metal showed no tendencv to 

become passive, nor does it in the usual passivating aiiodie solutions, 
though the latter may be in considerable concentration and a higli 
current density apjDlied.^ Using an electrode of platinum on wliicli 
linely powdered uranium was pasted by means of gelatin, Pierle 
obtained the following value for the metal in contact witli an aqueous 
solution of uranyl nitrate : 

U(91-49 per cent.)/U 02 (N 03 ) 2 - -()-()93 volt. 

By placing the metal in contact with an alcoholic solution of uranium 
hexachloride, Fischer and Bideal ^ obtained values which jilaced tlie 
potential of uranium between those of copjier and liydrogen. This 
ho'vyever, is not in agreement with the above results. 

^ The specific heat and atomic heat of the element liave been deter- 
mined as follows : s 


Temperature, ° C. 

Specific Heat. 

Atomic Heat. 

Authority. 

0 

0-0276 

6*57 

Zimmermaim, Aiinalen, 




1886, 232, 310. 

0 to 98 

0-0280 

6-66 

Blfimeke, IVicd. Annalcn, 




1885, 24, 263. 

—223 

0-0138 

3*29 

Dewar, Proe. Roy. Roc., 




1913, A, 89, 158': 


beeirdeterlS^^^^^^^ at a white heat, but the exact temiieraturc has not 
^ ’ Guertler and Pirani « found it to be aliout 1850 ° C 
^ Statement by Moissan that nranium is 

of uranium do not colour a non-luminou,s 

I ESsr/SSS; »'“ «*, i«. 34. 3i4. 

Pierlo, J. Physical Chem.., 1919 23’ 517 42. it, 141. 

‘ RsoherandRideab ZcitecA. a«o/-9. OAew 19n 8r 170 

See also Donath, 1879, 12 749 ’ ’ 

’ ^'ff^-f-’Metallhunde, 1919, ii, 1 

Kideal, J, SoG. Glmn. hid,, 1914, 33, 673 » » • 

» Moissan, Comp, rend., 1906 , 142, Ilk 
Uussell and R,ossi, Proc. Roy. Soc 1919 A 

Wien, im! bei „de,>, Druch, Leipzig and 
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the wave-len^ihs (Angstrom units) 2263*5 and 6827*2, few of which 
were of marked intensity, while Kiess and Meggers ^ have distinguished 
680 lines in the ^rellow, red, and infra-red, up to a wave-length of 
9530 A. Measurements have been made of the wave-lengths of the 
lines in the spark, ^ arc,^ absorption,^ fluorescence and phosphorescence,^ 
and high-lTcqueiiey spectra. 

Poilok ^ has investigated the sjiark spectrum of a solution of 
uranium eliloride, with a view to determining the most ‘persistent lines, 
and records bis results as follows : ^ 


Wavc-lengtli. 

Inten.sity 

and 

Persistency. 

W ave-lcngth. 

Intensity 

and 

Persistency. 

Wave-length. 

Intensity 

and 

Persistency. 

1005*4 

4 ^ 

:369:3*9 

2 X 

2969*6 


46()3*9 

4> 

:3672*7 

2 0 

2941*9 

2 X 

45.1B-8 

7<f> 

:3552*4 

2 ih 

2888-3 

1"'^^ 

4415*4 

2 <!> 


2 <!> 

2865*7 

2 X 

4371*9 

2 6 

84:36*9 

2 

2828*1 

Icl 

1:355*8 

4 </> 

:3:3:37*0 

2 X 

2794*0 

2 cl 

4:141*9 

4 . <!> 

:327()*:3 

2 ^ 

2790*8 

Icl 

1211*9 

4 ir 

3244*4 1 

2 S 

2766*0 

1 ^ 

4171*8 

3 ^ 

3()93*1 

2 X 

2763*0 

Icl 

4()9()*:3 

■1' X 

3072*9 

2 <j> 

2742*7 


:3979*9 

2 (/. 

3058*0 

2 X 

2733*4 

lcl> 

:1954*9 
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^ Jirid Meggers, Bureau- Sla-ndardu BiiU.f 1920, i6, 51 ; Sci. Paper-'iy p. 272. 

2 Poilok, iSVi Proe, Boy. DnU. Boc., 1909, ii, 331 ; Exner and Haschek, be. cit. 

Thalcni, Ckim. Pkys., 1809, [4], l8, 202, 385 ; HaHselberg, K. SvensJea VeL-Akad. 
IlaiuU.-, 1910, 4 Si 3 ; tkxner ancl HaH(;hok, loc. cit. ; Kiesa and Meggers, he, cit. ; Mciasnei, 
Ami. Phymk, mB, |4|, 50, 713; Moyer, Phydkal. Zeitsch., 1921, 22, 583; Discovery, 
1921 p 585 

' ‘’Mortoii aaul Bolton, Ohemi. Newx, 1873, 28 , 47, li:!. 164 ; Vogel, Bar., 187,5, 8 , 1535 ; 
1878, II, 915; Zinunennann, Annalm, 1882, 213 , 285; Bocquerel, m?4., 1907, 

144 , 459 ; donees and Strong, Phil. .Mag., 1910, [ 6 ], 19 , 500 ; J , 1911, 45. b 

113 ; Strong, Physikal. Zeitsek, 1910, ii, 608; Mamicchelh aiyi d Alceo, Aexad 

.Lineei 1912, |5],'2I, it, 850 ; 1913, [5], 22 , i., 41 ; MazzucchcUi and Ferret, ibid., 1913, 
[ 5 ], 22 , ii., 445 ; JoneH and Guv, Amer. Ghemi. 1913, 49 , I ; Merton, 

1912, A, 87, 138; Proe. Ghe.nL Boc., 1913, 29, 284; Trails, 105, 23; 

IP.iri and Landan, Gow-pt. rend., 1914, 158, 181 ; Howes, .Review, 1918 pj, ii, bO, 
143 ; Nie.hols and ]roW(^H, ibid., 1919, 12], 14, 293 ; Moir, Tram. Roy. Boc. b. Africa, 1319, 
8, 45 ; 1921, lo, 33 ; Dauvillicr, J. phys. Badvnm, 1622, 3, 221. 

•> K. B(‘(ujuc-r(4, Anu. Ghim. Phys., 1872, [4], 27, 539 ; Go‘nnk nnid 1879, 88, 1237 , 
U. He(Min(‘rel, ibid., 1885, loi, 1252; 1907, 144. 459; Oantoni, Rmid Accad. Aa. 

.Mat Napoli, 1907, [31, 13, 149 ; Nichols and Howes, loc. cit. ; Bec(j[uercl and Kameilmgn- 

PhlxilJ.'/.rM,., I9l(i, 17 . 17, (U ; Pha. Ma,, 191«. [«]. 32. ^ ; B.uxvjllior, raU 

1921, 172 , 1,3,50; ilo Broglies and do Broglie, *6)4., 1921, 173 , 527 ; do Biojio, tbii., 19,.2, 
174 , 939 ; DoIojScsk, ZdUiah. Pkyxik, 1922, 10 , 129 ; Nalnrc, 1922, J 09 , 582. 

« For'a’Siond doHoriotion of tins method, and explanation of the abbreviations 
omplied, seedb 13. W. “ Triple lino, of which mdy ono wave-length is given. 
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and towards alkalies. Dilute hydrochloric and sulphuric acids dissolve 
uranium with vigorous evolution of hydrogen ; concentrated sulphuric 
acid yields sulphur dioxide ; nitric acid forms the nitrate. Uranium 
displaces the following metals, in part even in the cold, from solutions 
of their salts : mercury, silver, copper, tin, platinum, and gold. 

Pyrophoric Uranium. — -It has already been mentioned (p. 278) 
that uranium, in a very finely divided condition, takes fire on exposure 
to air. The black powder obtained by reduction of the oxide by means 
of magnesium exhibits this property. Chesneau observed ^ that the 
sparks detached from uranium by friction with liard steel would ignite 
mixtures of methane and air, as well as such infiammable licpiids as 
alcohol and benzene, and he concluded that their tem|)erature could 
not be below 1000® C. The product obtained by Feree (see p. 279) by 
heating uranium amalgam in vacuo burned s})ontaneously in the air. 
Alloys of uranium and iron containing more than 20 per cent, of 
uranium are pyroplioric, ^ the activity increasing with increase in 
u r ai 1 ill m co n t e n t . 

Colloidal Uranium. -'Uranium has liccn olrtained in colloidal 
form by means of dispersion methods,^ l)ut the sols do not appear to 
be stable ibr more tluin a Ibw liours. Svedlierg prepared by electrical 
dispersion the tvobutyl alcosol, whicli was deep brown by transmitted 
light and black by relleetcd liglit, and was completely coagulated after 
standing twelve liours. 

Atomic Weight. The earlier investigations into the atomic 
weight of uranium are of little more than historic inti'rest, owing in the 
first |)laec to the erroneous idea tliat the oxide was tlic element (see 
p. 276), and also to tlie fact that tlie analytical rc^sults obtained were 
oi’ten widely discordant, jirolialily due to tlie imiiure nature oi’ tlie 
materials studied. The valency of the element was assumed to be 3 
and the atomic weiglit a|)peared to lie about 120. Alter the recognition 
of the true nature of tlic^ oxide and tlie isolation of tlie metal, Ik'digot 
made a scries of analyses of the oxalate and acetate of uranium, and 
from his results tlie atomic weiglit 120 (0^-1 6) was again obtained. 

In 1872 Mendeleeri* pointial out that thercj was no place in the; 
Periodic Table for a tri valent ehmient of atomic; weight 120, a.nd dreiv 
attention to tlie simihirity of uranium to chromium, molylxkmum, and 
tungsten ; lie therefore' suggested that the atomic* wc‘ight should lie 
doubled, so tliat uranium c*ould be |)lac*ed lielow these elements in tlu; 
table, lie also Ibrmulated the oxides, by analogy with those of tlie 
otlier elements in the grouj), as follows : uranous oxide UO^, uraiio- 

1 Chc.snoau, Goiiypt. rend., 189(5, 122, 471. 

PoluHhkin, Iron, and J^teel InM., Canmjh HohoL Mem., 1920, lO, 129 ; Remie dc 
MitaUurgie, 1920, 17, 421. 

Ku!&el, German Patent, 18(5980 (1907) ; Hvccllwxg, Hvrdellnmj Kolloidvr Lomtujen 
anorganischer RtoJJe, .I)r(‘.sd(^n, 1909 ; and Robert, (Jom>pL rend,., 1914, 158, 349. 

^ Hchonberg, Grhwcigger n J., 1815, 15, 284 ; De (xynjnncUone ckvtnica ejnsgue ralionihim, 
Upsala, 1813; Arfvcdson, Fogg. Annalen, 1823, i, 254; duhrenber., 1821, 

22, 113 ; Fogg. Annalen, 1825, i, 359 ; Peligot, Gompt. rend., 1811, 12, 735 ; Ann. Ghhn. 
Fhys., 1841, i3|, 5, 12 ; J. praJd. Ghern., 1841, 23, 404 ; Maroiiand, ibid., 1841, 23, 197 ; 
Ebehnen, -Ono (di.im. Fhy^'i., 1842, |3|, 5, 189; Annalen, 1842, 43, 28(5; Rainmctsborg, 
Fogg. Annalen, 1842,55,318; 1842,56,125; 1843,59,9; 1845,66,91; Wortlieim, . 1 xa. 
Chim. Fhys., 18-M, 13], ii, 49 ; J. prakt. Ohein., 1843, 29, 209. 

® Peligot, Gompt. rend., 184(5, 22, 487 ; ./. gmikt. Ohem,, 184(5, 38, 112; A ax,. Chini. 
Fhys., 1847, [3], 20, 329. 

^ Mendeleelf, Annalen Suppl., 1872, 8, 178 ; Chem. Neivs, 1880, 41, 39. 
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uranic oxide UgOg or UO 2 . 2 UO 3 , uranic oxide UO 3 ; thus suggestinef 
that the element was both tetra- and hexa- valent. The correctness of 
these suggestions was confirmed by the determination of the specific 
heat of the metal ^ and the application of Dulong and Petit’s Law, 
and also by vapour-density determinations of uranous chloride and 
bromided and later of uranic fluoride.^ 

In 1902 Richards and Merigold ^ analysed uranous bromide, and 
determined the bromine as silver bromide. The uranous bromide 
was carefully purified by sublimation in an atmosphere of either bromine 
or nitrogen, oxygen being rigorously excluded. The operations, liow- 
ever, were carried out in glass vessels, and a correction had to be made 
for the presence of a small amount of sodium bromide in tlie uranous 
bromide. A further source of error, namely, that at the high tempera- 
ture of sublimation the uranous bromide reacts with the glass to form 
small qumitities of the oxybromide U 02 Br 2 , was not taken into account, 
so that the values obtained must be considered too high. The vessel, 
containing a known weight of the uranous bromide, was oiiened under 
water, dilute hydrogen peroxide added, and the bromine preeiiiitatcd 
m one series of experiments by excess of silver nitrate, and in anotlier 
series by the addition of the exact weight of silver dissolved in nitric 
acid. The results were as follows : ^ 


4 expts. 
3 „ 

3 .. 


UBr j : lAgBr 
UBr 4 : 4AgBr 
UBr. : 4Ag 


74-2908 : 100-0000, whence lJ:=2;38-4. 
74-2960 : 100-0000, „ 11 = 238-4. 
129-3280 : 100-0000, „ 11 = 238-4. 


Afpi rnM Honigschmid - repeated the experiments of Riehards and 
..apparatus of siliea. Uranous bromide was carefully 
purified by sublimation either in bromine vapour or in nitrogen and 
the product was then melted and transferred to a silica wei(drin</-tubc 

( 1 ) x\fter sublimation in bromine, 

8 expts. . UBr 4 . pgBr : ; 74-24803 : lOO-OOOOO, whence U= 288-()9 

6 „ . UBr4;4Ag :: 129-2547 : 100-0000, „ U=2;hS-li; 

(-j) After sublimation in nitrogen, 

4 expts. . UBr^ . 4AgBr : ; 74-26192 : 100-00000, whence U=23.S-19 
UBr. :4Ag 129-2722 : 100-0000, „ U=23.S-18.' 


129-2722 


ads^rptioTof licS S^Smnine were due to 

1 oi traces ol bromine during sublimation, and the values 

2 Annalen, 1882 , 216, 1. 

3 ano?r/ Ghem IQIT *70 fui 

«... aw, 1002. 

Lebeau = Ag = 107-880 ; O = 16-000 ; Br = 79-91H 

the value U = 238-5.5. ’ 0 de CoLcl U0,(N03),.2H,0 : UO.„ obtained 

1477; aom;,«. rend., 1908, 152 , 711,Vm I'P- Ki:!, 

bromde, but failed to obtain concordaiit results.’ ^ 

ifojwfa/i., 191.5, 36’, 365”'^*’ ^33. 2004 ; ZeiUch. Elektrochem., 1914, 20, 452 ; 
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from the second series of experiments are more reliable. For these 
researches, the uranium salt was derived from minerals obtained from 
the Joachimsthal deposits, the age of which is estimated to be 250 
million years ; in order to see if the atomic weight of uranium, which 
is considered to be a mixture of two isotopes (see below), \’^aried with 
the age of the mineral, Honigschmid and Horovitz ^ made further 
experiments, the methods being precisely as above, but the uranium 
was obtained from a very pure crystalline form of uraninite from 
Morogoro in East Africa, the age of which is about 800 million years. 
The results were as follows : 

(1) After sublimation in bromine, 

4expts. . UBr4:4AgBr:: 74-24878 : 100-00000, whence U = 238-05. 

4 ,, . UBr^ : 4Ag : : 129-2450 : 100-0000, „ U = 288 06. 

(2) After sublimation in nitrogen, 

5 expts. . lJBr 4 : 4AgBr : : 74-25872 : 100-00000, whence 11 = 288-16. 

5 ,, . UBr4:4Ag :: 129-2702 : 100-0000, „ U = 288-17. 

These results are identical with those of the earlier experiments, and 
as before the higher results are more correct. 

This work is the most reliable done up to the present (January 
1926), and the true atomic weight appears to be slightly below 288-2. 
The International Committee for 1925 accept the value 

U = 238-17. 

Uranium is thus the terminal member of the periodic system, possessing 
a greater atomic mass tlian any other known element. 

Isotopes of Uranium. — Ordinary uranium is a mixture of two 
isotopes, uranium I and uranium II, whose atomic weights differ by 4, 
the weight of one a"])article whieli is ejected by an atom of tlie former 
according to the following scheme (see p. 842) : 

»UII. 

The isotopes are inseparable and ehemieally identical. Tlie atomic 
weight of ordinary uraninm, found by the methods above described, 
must therefore be considered as a mean value of the atomic weights 
of uranium I and uranium II, depending upon the proportions of each 
present. It was this consideration that led Honigschmid to use in his 
investigations specimens of uranium ores whose ages were estimated 
as 2.50 million and 800 million years respectively. The fact that the 
atomic weights determined from these experiments were identical 
within experimental error indicated that the ratio UI ; UII in the two 
sources was not appreciably diflcrent. It is probable that tlie amount 
of uranium II present in uranium is very small, at most 0-04 per cent., 
since the half-life (see p. 342) of uranium I is very great, 5xl0» years, 
and only a little uranium II can form by way of the short-lived elements 
uranium and uranium Xj ; whilst the comparatively short hall-life 
of uranium II, 2 X 10« years, would prevent any considerable accumula- 
tion of uranium II. Thus the difference between the atomic weight of 
uranium I and the value given above as the atomic weight of uranium 
is unimportant, being within the analytical error. 

^ Honigschmid and Horovitz, Monatshy 1916, 37 , 185. 
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Alloys of Uranium. — Alloys of uranium and aluminium are readily 
obtained by the addition of a mixture of urano-uranic oxide and 
aluminium j^iowder to a bath of molten aluminium ; i by heating a 
mixture of uranic oxide and aluminium by the aluminothermic process ; '■* 
or by electrolysis of the fused double chloride, K^UCl^, using aluminium 
electrodes.® By the aluminothermic process, Guillet obtained products 
of definite composition : UjAlg, hard lustrous cubic crystals, and UAl..), 
fine needle-shaped crystals. 

Many alloys of uranium and iron, containing up to 70 per cent, of 
uranium, have been obtained by reduction of uranium oxide with 
carbon and iron. After purification, the alloys contain about 2 per 
cent, of carbon, silicon, vanadium, and sometimes aluminium. Ferro- 
uranium alloys with more than 20 per cent, uranium exhibit pyrophoric 
properties which increase with increasing content of uranium.^ In 
Colorado the alloys are obtained as by-products in the extraction of 
radium from carnotite, and contain 85 to 40 per cent, of uranium and 
1-5 to 4 per cent, of carbon. If less than 2 per cent, of carbon is present 
the alloys are tough, but with more carbon they are brittle ; the presence 
of Silicon increases the brittleness. The carbon is usiiallv present as 
carbides of uranium, iron, and vanadium, and such alloys" are decom- 
posed by water. Uranium does not form solid solutions with iron ® 
Uranium steels containing ferro-uranium of low carbon content iiosscss 
similar properties to tungsten steels (see p. I9I.). 

According to Stavenhagen and Schuchard ® the followiim alloys 

TTEWTAf ^^^thod of alumino-thermic reduction : 

Ule, UMn, UFeMn, UCo, UMo, and UMoCrTi. 

Uranium combines with arsenic and antimony to form definite 

compounds (see pp. 382, 833). 

^ Moissan, Compt. rend., 1896, 122, 1302. 

Guillet, Bull. Soc. d'emcourar/., 1902, loi ii 254 

TheliS’plS; oon,.po..l.. 

Stavenhagen and Schuchard, Ber., 1902, 35, 909. 



CHAPTER IX. 

COMPOUNDS OF URANIUM. 

General Properties of Uranium Compounds. 

Uranium is tlic terminal member of tlie chromium grou]:) of elements, 
and in its chemical liehavioiir it sliows considerable resembhuice to the 
other meml)ers of tlie ^roup. * Like them it exhibits valency varying 
from 2 to (f but it is most stalile in the hexavalent condition. Tlie 
trioxide, UO.j, like the trioxides of molybdenum and tungsten, is amplio- 
teric, l)ut the acidic (pialities are less evident. It ibrnis on the one 
liand a hexaduoride, UE,., and a large group oi'uranyl salts of the ty])e 
UOoXo, where X is a monovalent electronegative element or radical ; 
and on the other, stalilc uranates corresponding to acids of composition 
Il2UO,i and II2U2O7. It docs not, however, tend to the formation of 
complex hetero})oIya.cids in any marked degree, 'the uranyl salts, 
winch contain the uranyl group UO^ as a divalent metallic radical, 
may lie regarded as stalile intermediate ])roducts of tlic hydrolytic 
dec‘om[)osition of tlie normal salts of hexavalent uranium. Tliey are 
well-d<tiiied crystalline salts, generally yellow, although the prekaiee 
of certain organic groujis in the molecule may displace^ tlie colour 
strongly towards tlie reel ; - l)oth in tlic erystaliiiu^ Ibrm and in solu- 
tion they exhibit a greenish lluorescenee.*^ They are somewliat anal- 
ogous to liasie salts, Imt are stalile in solution and little hydrolysed. 
They enter into combination with otlier salts, especially tliose of organic 
acids, and form iiiinierous stalile (*omplexes of wcll-dermed crystalline 
form. Of tlie normal uranic salts only the liexalluoride is known. 

Tlie uranous compounds correspond to the basic oxide, UO2, and 
are usually green or blue in colour. They may be prcjiared by reduction 
of uranyl salts in solution under the inliuence of light (see iielow), but 
they are the more imstalile and tlie solutions are readily oxidiscal back 
by air to uranyl eom|)ounds, espeeially in the prisimct^ ol‘ ])latinum 
blaek or of salts of iron or eo|)per.^ In tlie nranons (‘oniponuds nraiiiuni 
shows eonsidcT’able ehemieal similarity to thoriiun, the tcuininaJ numiber 
of Group IV (sc‘c‘ p. t). 

The intermciliate oxide, whicli appears to contain both tetra- 

and hexa-valent uranium, does not yield a corresponding series of salts. 
A large number of violet preei|;)itatcs have, however, been obtained from 
solutions containing uranous and uranic salts present togctlier, all of 

^ Mendekktl, Amiakn Suppl., 1872, 8, 178 ; GJiem. Neios, 1880, 41 , 89 ; O. do Conirude, 
Bull. Acad. roy. Bdg., 1909, p. 175. ® Mliller, Zeituch. anory. ('hcni., 1919, 109 , 239. 

See NieholB, Howes, Merritt, Wilber, and Wick, Ckirncgie. Just. Ukushmgton Publica- 
tion, 1919, 298 , 1, on the liuoreseenoe of uranyl salts. 

^ Luther and Miehie, Zeitsch. Mektrochmi,, 1908, 14 , 820. 
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which, by loss of their acid radical, tend to become transformed into 
the green hydrated oxide, U30g.2H20.^ 

In addition to the derivatives of the oxides, UO2 and UO3, nraniiim 
forms a few compounds in which it appears to exhibit valencies equal 
to 5 , 3 , and possibly 2. It yields, for example, a comparatively stable 
pentachloride, UCI5, and a much less stable trichloride, UClj. It pro- 
duces a variety of sulphides : US, UgSg, USg, UOgS, but it does not 
show the tendency found in molybdenum and tungsten to form soluble 
sulpho-salts. 

It forms a peracid, UO4.2H2O, which shows considerable activity 
towards metallic peroxides, with the production of a well-defined series 
of peruranates. 

Influence of Light on Uranium Compounds. — It has already 
been mentioned that uranyl salts in solution exhibit a greenisli fluor- 
escence.^ If the solutions are exjDosed to light in the presence of 
readily oxidisable organic substances, such as alcohol, reduction takes 
place, uranous salts being formed. At the same time tlie fluorescence 
disappears, the uranous salts not exhibiting this property. This reduc- 
tion under the influence of light is known as photolysis, and has been 
the subject of much investigation.^ The action is accelerated by the 
presence of substances which destroy fluorescence, and the two pheno- 
mena appear to be connected.^ It has been suggested by Baur tliat 
when light is absorbed by the uranyl ion, the uranium assumes a more 
active condition. If any substance is present with which the active 
uranium can react, it does so, and suffers reduction ; but if not, tlie 
reverse reaction takes place, with emission of fluorescence. Ikiur further 
suggests that during absorption of light the hexavalent uranium is 
resolved into octavalent and trivalent uranium thus : 


5 U^i +light — >- 3 U™ + 2U^^^, 


and that, as the absorbed energy is given off in the form of fluorescence, 
the reverse reaction occurs, the hexavalent uranium being again ])ro- 
duced. This reverse reaction, however, is prevented from taking iilacc 
by the presence of substances which destroy fluorescence ; these are 
generally either reducing agents, such as oxalic acid, potassium iodide 
or uranous salts, which might be expected to destroy any salts of octa- 
valent uranium ; or oxidising agents, such as ferric salts, which would 


^ Aby, Bull Soc. chim 1900, [3], 23, 368 ; Aloy and Rodier, ibid,, 1920, [41, 27, 101. 
The emission and ^sorption spectra, and phosphorescence at low tern i)eratn res 

64^. if’ Becquerel, and Onnes, ibid., 1910, i^o 

o47 , Moiton and Bolton, American Gherm-st, 1872, iii , 361 401 o > 

rn 56. 142 ; Bonkparte, prakt. Olwm IS-Pj 

1867 ; Niepoe and Corvisart, Cam.-riL mni.’ 

253 1893, 278, 373 ; Mton^.W J U/TscT [ 21 * 48’2of 

foqf to’ 9fia ’ T’* V -ft ^16, 1145; Fay, Amer Ohem J 

'‘521: Jolisen arid BnidJ;; 

3411 ; T?sh'er;ndfee'y!'Ai : If 1906 ^ 

CAem 1907,58 214; Luther and Pl^^xSofS-.^Sei 5 ’jf 

Baur, Helv. Chim. Acta 1918 i iSfi • ’H’o+'f ^ v 

513; Baur, ZeitocA. i;irf-irocAem 1919 Zlettsch pkimkal. Ohem., 191,8, 92 , 
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react with salts of trivalent uratiiiim. In the decomposition of oxalic 
acid by means of iiranyl sulphate under the influence of lioflit carbon 
monoxide and carbon dioxide are evolved, and the trivalent uranium 
compounds react with unchanged hexavalent uranium, formino- pro- 
ducts in an intermediate stage of oxidation. A small quantity of formic 
acid is found in the solution, but this is unable to accumulie since it 
is used up in reducing the uranyl-ion to uranous-ion.i The final pro- 
duct of tlie reduction of uranyl oxalate is a violet hydrated form of 
urano-uranic oxidef^ 

Many oxidation and reduction reactions, especially in organic 
chemistry, are in consequence considerably influenced by the presence 
of uranyl salts under the action of light. ^ The reaetion may also be 
used as a means of preparing uranous salts,^ by exposing to light a 
solution of the uranyl salt containing the requisite quantity of the acid 
entering into the constitution of the salt, and a readily oxidisable sub- 
stance sucli as alcohol. In the case of the chloride the reaction is as 
follows : 

U0,Ci,+2HCl+C,H5.0H==UCl,+CH3.CH0+2 

If insufficient acid is added, basic salts result; while if the reaction is 
allowed to proceed further, a black precipitate of uranous hydroxide is 
obtained. 

Photoelectric Cells. — A noteworthy effect which appears to be in 
some way connected with photolysis was discovered by Baur,^ who 
observed that tlie potential difference at a platinum electrode immersed 
in a solution containing both uranyl and uranous salts was consider- 
ably less |)ositive when exposed to sunlight than when kept in the dark. 
If two platinum electrodes are immersed in a solution of the mixed 
salts, and it is arranged so that one electrode is exposed to a bright 
light while the otlicr is kept in the dark, the cell can be made to furnish 
a current. The dis])lacement of potential appears to be due to changes 
which occur in the uranyl salt under the influence of light, possibly 
with formation of pentavalent and octavalent uranium.'^ The effect is 
weakened by the |)resence of those substances which inhibit the fluor- 
escence of uranyl compounds (see above).® 

Many uranium salts, like other fluorescent and phosphorescent sub- 
stances, are triboliiminescent — that is, tliey emit light when crushed^ 
(see p. 324). 

Electrochemical Behaviour. — The electrolysis of solutions con- 
taining uranium compounds has not been fully investigated, but in 
general tlie product at tlie cathode appears to consist of hydrated 
oxides in various stages of oxidation.^® This is the case even when a 

1 Baur and Haggenmacher, loc. cit. 

^ Courtois, Bull. 8oc. chim>., 1923, 33, iv., 1773. 

» Bacon, PMUppine J. 8ci., 1907, 2, 129 ; Berthelot and Gaudechon, Compt. rend., 
1911, 152, 262 ; 1913, 157, 333 ; Aloy and Valdigiii6, ibid., 1923, 176, 1229 ; Bull Soc. 
chim., 1923, [4], 33, 572. ^ Aloy and Rodier, Bull. Soc. chim., 1922, [4], 31, 246. 

Banr, Zcitsch. phyeikal. Ghem., 1908, 63, 683 ; 1910, 72 , 323 ; 1912, 80, 668. 

® Titlestad, Zcitsch. physikal. Chem., 1910, 72, 257 ; Trumpler, ibid., 1915, 90, 385. 

^ Trumpler, loc. cit. 

® See also Goldmann, Ann. Fhysih, 1908, [4], 27, 449 ; Samsonow, Zcitsch. wiss. 
PhotocJmn., 1910, 9, 12 ; Scliiller, Zcitsch. physikal. Chem., 1912, 80, 641. 

® Siemssen, Chem. Zeit, 1919, 43, 267 ; 1922, 46, 450. 

Smith, Ber., 1880, 13, 751 ; Kollock and Smith, J. Amer. Ghem. Soc., 1901, 23, 607 ; 
Fischer and Rideal, Zcitsch. anorg. Chem., 1913, 81, 170. 
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diaphragm is used. The metal itself is not deposited under ordinary 
conditions (compare p. 279). According to Pierle,i on electrolysing 
aqueous solutions of uranyl salts with low-current density, the first pro- 
duct is hydrated uranic oxide, UOg.HgO, which gradually changes, as 
electrolysis proceeds, to a black oxide of varying composition. With 
higher current density, uranyl sulphate is reduced to uranous sulphate, 
and if the solution is neutral or alkaline, a mixture of black and yellow 
oxides is deposited ; in acid solution, only a slight deposit, metallic in 
appearance, is obtained. A concentrated solution of uranyl nitrate 
gives a black pyrophoric substance of undetermined composition, which, 
when dried and heated, yields a product of composition U 2 O 5.2 When 
uranous salts are electrolysed, a black deposit, of compos^ition U, 0 ,n. 
2 H 2 O, is obtained at the cathode.® 

The method of electrolysis has been suggested ^ as a means of 
separating uranium from solutions of uranyl salts, the hydrated oxide 
deposited being converted by heat to the oxide, UgOg. 

The electrolysis of uranium eompomids in organic solvents has been 
investigated.® 


Uranyl salts in solution undergo hydrolysis, and the electrical con- 
ductivity of such solutions increases with time. The difference between 
A 32 and for many of the salts (see pp. 296, 820, 325) is abnormally 
iiigli, probably because the dissociation takes place in stages. 

Physiological Action. Uranium in its soluble compounds behaves 
as a strong poison towards the animal organism, ^ causing acute gastric 
inflamnmtion. In dilute solution uranium salts inhibit the develop- 
4 . 1 .°^ bacteria, unless in exceedingly minute concentration when 
growth may be stimulated ; ® also, if absorbed by the roots of higher 
plants, growth is arrested.^o 


Radioactivity.il — This is discussed in Chapter X. 

produced as by-products in the 
Quinthv consequently available in considerable 

LafStVnt^^ yet employed in industry to any 

Extent for ’ V. yello^U is used to a limited 

in eoiounng glass, to which it imparts a yellow opalescence 
Zt as also is the' oxide XJ,0, in the prepS 

tion of yellow, broTO, and green glazes.i® Certain salts are employed 


^ Pierle, J. Physical Chem,, 1919, 23, 517. 

3 S: Camo, Bull. Acad. roy. Belg., 1901 d 321 

1907,^9 m ’ ^3. 607,- Wherry and Smith, iUd., 

® Pierle, loc. cit 6 n *-<-+• i, ■» 

I Leconte, Gazette mid. de Paris, 1854 p 196 ’ 1899- 29, 449. 

fo'.i Woroohilaky, Ok... Zeit., 
Physiol, 1910, 26 , 381 ; Jac^on and 36, 54 ; Jaoteon, Amer. J. 

» Kaj-ser, Conipt rej miT ^nw. Studies, 1911, 8 , 2 . 

[4], 11 , 868 Comlt. rend!, 1912 i||’ 1186 • 'igj's ^912, 

1914, 158 , 349 ; P. Beequerel, ibif’ 1913 ’iJe' Robert, ibid., 
Bull. jSoc. chim., 1913, [ 4 ], 13 , 491 . ’ ^®Pierre, zdtd., 1913, 156 , 1179 ; 

173; Ohem. Zentr., 1902, ii., 
Oompt. rend., 1913, 156 , [5], 22 , it, 390 ; Stoklasa; 

series.^''® Pbenomenon of radioactivity is disenssed in detad in Vol. III., Part L, of this 
Riddle, Trans. Amer. Ceram. Soc., 1906, 8 , 210 ; Minton, ibid., 1907, 9 , 771. 
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mordants in the dyeing of wool and silk,^ and their use has been 
‘"^Dg'gested for tlie production of l)rown colours.^ In photography, 
RJ^anium salts are used to a small extent.^ The use of uranium carbide 
a catalyst in the sy nthetic production of amnionia has been suggested. 
Attempts have also been made to make use of the metal in illumination, 
Di -ways similar to those in which tungsten and other high melting 
Dietals have been employed ; ^ also to make use of the pyrophoric 
pi'operties of uranium, and to develop the production of uranium 
steels. Such attempts, however, have not as yet proceeded very far. 

UnANiuM AND Hydrogen. 

No compound of iiranium with hydrogen has been obtained. 

Uranium: and F:luorine. 

Uranium Difluoride, UFo. The solution obtained after electrol- 
yjsis of an aqueous solution of uranyl chloride acidified with hydro- 
chloric acid yields, on addition of excess of hydrofluoric acid, a green 
precipitate of composition UF 2 - 21 I 20 .*'' 

Uranium Tetrafiuoride, Uranous Fluoride, UF^, is the chief 
|>roduct olitained when the metal is acted upon by lluorine. It may be 
prepared l)y the action of hydrogen fluoride on urano-uranic oxide ® 
or an uranous oxide ; or l)y reduction of a solution of uranyl fluoride 
with stannous cliloride.^ It is also formed with uranium hexafluoride 
wlien tlie pentachloride is acted upon by fluorine at — 10° C.*^ thus : 

2UC1, 1 5F2=.UF,+UF,+5CU. 

"Fire hexafluoride nuiy lie removed by distillation. Dry liydrogen 
fhioridc acts in a similar maimer (see below). Uranium carliide, UCg, 
relicts with |)ure lluorine to yield tlie tetrafluoride only. 

Uranous iluorich' is a grcicn amorphous powder, insolulile in water, 
Iiardly attacked hj dilute acids ancDonly dissolved with difficulty by 
c'oiicentrated acids, exc^c‘pt in the case of nitric acid whicli readily 
decomposes it. When heated in the air it loses Jluorine and leaves a 
residue of urano-uranic oxidcu At ordinary temperatures it is gradually 
oxidised to the uranyl (‘ompoimd, UO^Fo. If heated in absence of air 
it melts at about lOOO” 

The insolubility of uranous iluoridc affords a method of estimating 
the metal by })recipitation witli hydrofluoric acid.^® 

The monoJvydraie, UF^.H^O, is obtained ® by drying at 100° C. the 

^ Odernlieiinor, 1891, 5 , 17 ; aenmm Patent, 72523 (1892). 

2 Wern(‘r, Pali ^oc. ind UuIIioh,^c., 1892, p. 542. 

^ Roclic, J. Poe. (Piom. Ind., 1888, 7 , 231; SchixauBB, Ohem, Zeit., 1892, 16 , 842; 
Btieglitz, Phot. Arch., 1892, 33 , 52 ; Nanvias, Bayerisches Industrie mid GeumrbMiU, 1895, 
26 , i529 ; LtunUn^ and Scy(‘.witz, Mon. scient, 11)05, [4], 19 , 101. 

^ Oerman Patents, 194348, 194707 (1905) ; Piaxiclion, (krman Patent, 194896 

(1907). 

® Giolitti and A<i;anu‘nri()n(', Atti R. Accad. Lincei, 1905, [5], 14 , :i., 114, 165. 

® Smitliells, Trans. (Jhnn. Poc., 1883, 43 , 125; Giolitti and Agaixiennono, loc. cit. 
Of. I^itte, Compt. rend., 1880, 91 , 115. Soo also Bolton, Bull. Poc. cJiim., 1866, 2 , 450; 
Her. Preuss. AJead., 18(56, p. 299 ; On the Fluorine Compounds of Uranium, Beiiin, 1866, 

P* 

Hermann, 'Uher einige Uranverbindimgen, Gottingen, 1861, p. 32. 

® Bolton, Jahreaber,, 1886, p. 209. 

® Rnff and Heinzelmann, Zeitsch. anorg. Glmn., 1911, 72 , 63. 

Giolitti, Qazzetta, 1904, 34 , ii., 166. 



292 


CHROMIUM AND ITS CONGENERS. 


voluminous green precipitate produced by adding hydrofluoric acid to 
a solution of uranous chloride. 

Double jliiorides have been obtained by reduction of complex 
alkali uran^d fluoride solutions by means of oxalic or formic acid under 
the influence of sunlight.^ The potassium salt, KUFg, is a green 
powder, insoluble in water. 

Uranous Oxyfluoride, UOFg, is formed as a fine green precipitate 
when hydrofluoric acid acts on urano-uranic oxide. ^ A solution of 
umnyl formate in formic acid, partly reduced by exposure to sunlight, 
yields, on addition of hydrofluoric acid, a precipitate of composition 
U 0 F 2 * 2 H 20 . a green double salt, of composition UOF 2 .NH 4 F, is 
obtained by electrolysing a solution of uranyl ammonium carbonate 
containing excess of hydrofluoric acid. 

When uranous fluoride is dissolved in a solution of ammonium 
oxalate a dark green liquid results, which exhibits a violet fluorescence 
and deposits on evaporation crystals of the double salt UF..2(NH,AoCoO,. 
4H2O.3 " ^ 

Uranium Hexafluoride, Uranic Fluoride, UF^, is the only known 
compound of hexavalent uranium (with the possible exception of the 
boride in which the condition of the uranium is not established) which 
does not contain oxygen. It was first prepared by Ruff and Heinzel- 
mann ^ by the action of fluorine on uranium pentachloride at —40“ C. 
The action proceeds as already described (see equation above), and the 
volatile hexafluoride is distilled off from the tetrafluoride. The penta- 
chloride, when acted upon by dry hydrogen fluoride, yields a compound, 
UFg.^HF, which breaks up on distillation into the tetra- and hexa- 
fluorides, but this method of preparation is less convenient than the 
preceding one owing to the difficulty of separating the hexafluoride 
from hydrogen fluoride. Uranium carbide reacts with fluorine in 
presence of a little chlorine at — 70“C., with formation of the hexafluoride 

Uranium hexafluoride yields glistening, colourless or pale yellow, 
monochmc crystals,^ which fume in the air and sublime under I'edueed 
pressure at ordinary temperature. It boils at 56-2° C., and the calculated 
mean latent heat of evaporation between 42° and 57 ° C. is 29-4 calorics 
per gram (=10860 calories per gram molecule). The variation of the 
Doiling-point with the vapour pressure is as follows : 


Temperature, ° C. . . 56-2 48 45 41 37 

Pressure, mm. . . 764-6 521-2 410-1 406-1 298-2 


The crystals melt at 69-2° C. at which temperature the vapour pressure 

d^iX^S'ffcTs ^ atmospheres.®^ The vapour 

n-7 (air=l), corresponding to a molecular weight 
of 338 (the theoretical value being 12-16) 

The crystals have density at 20-7° C., 4 - 68 . They are very hyoro- 
scopxc and solub e in water. Chemically, uranium hexafhforide 
highly reactive, vigorously attacking alcohol, ether, or benzene the 


1 Bolton, Ber, Breuss. ATcad., 1866, p. 299. 

2 Giolitti and Agamennone, i?. iccai. Xmm 190^ ra i 

^ Orloif, J. Russ. Phys. Chem. Soc., 1903, 35 1247. ’ 

t ^d Heinzelmaim, Zeitsch. anorg. Chem 19 ii *72 


Compare the behaviour of solid carbon dioxide, this 


series, Vol. V., p. 121. 
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last case depositing carbon. It reacts more slowly with carbon di- 
sulphide, parallin, chloroform, and nitrobenzene. It dissolves readily 
in tetracliloretliane. It attacks glass in presence of a trace of moisture, 
forming silicon tetralluoride and uranium oxyfiuoride. It is decom- 
|)Osed by nitric acid. Ammonia forms ammoniuin uranate and fluoride. 
It is reduced 1 )}?' most non-metals and metals, exce])t gold and platinum. 
Sulpliur forms the disulpliide, US^, and uranous fluoride, and a gas is 
evolved wliich a|)|)cars to be a new fluoride of sulphur. It is stable 
in presence of dry air, oxygen, nitrogen, carbon dioxide, chlorine, 
bromine, or iodine. 

Uranyl Fluoride, UO2F2, is formed with uranous oxyfluoride (see 
above) l)y the action of liydrofluoric acid on urano-uranic oxide : ^ 

IJ/)^ t 0 IIF - UOF2 + 2UO0F2 + 3H2O. 

Tlic green insoluble uranous oxyfluoride is removed by iiltration, and 
the uranyl fluoride remains as a yellow mass after eva])oration of the 
solution. It is also ol)tai ned as a yellow powder by re})eated evapora.tion 
of uranyl acetate witli hydrofluoric acid.- A wliite crystalline form 
has been described by Smithells,^ wlio obtained it by carerully heating 
tlie tetrafluoridc in air ; it dissolved in water yielding a yellow solution. 

Complex uranyl fluorides of the ty|)e UO2F2.3RF (11 — K, NII4) 
have l)een ol)tained l:)y tlie addition of excess of the alkali fluoride to 
a solution of uranyl fluoride, botli the yellow and the wliitc variety 
acd'ing in this way.^ A solution, of uranyl acetate, or of potassium 
diuranate containing hydrofluoric acid, witli excess of the alkali fluoride, 
also yields tlie same eompounds. The potassium salt, UO2F2.3KF, 
se|)arates as a lieavy ora.ngoyellow crystalline ])recij)itate ; it is di- 
morplious, and tlie (‘rystals may b(‘ tetragonal or monoelinici according 
to thci Tnetliod of prejiaration. At 20'^ C. the crystals luive density 
4 - 2 () 3 . The addition of excess of hydrogen jieroxide to a solution of 
tliis salt gives a yellow solution fronipvhieh a yellow |)eroxyfluoride, of 
com|)osition 3(U()4.KF).U();jF2.KF.4l[20, sejiaratcs on keeping.^ The 
ainrnonium salt, lJ()2l'2*’‘^N^® yit^lds crystals of tlie tetragonal 

form, the density of which at 20 '^ C. is 3 * 180 . 

If tlu' potassium salt is dissolved in water containing not more than 
13 per cent, of the* ac‘id fluoride of potassium, tlie solution on concen- 
tration yields triclinic crystals of the conipound 2U()2F2.5KF.‘^ If 
excess oi' uranyl nitrate is firesent in tlic solution, monoclinic crystals 
of tlie eom})ound 2U()2F2.3KF ai'c olitaincd. 

A soluble uranyl silicofluoride has lieen described.'^ 

Uranium; an,d C-ulorine. 

Uranium Trichloride, UGIj, may be obtained by heating uranous 
chloride in hydrogen. It is a reddish-brown substance whicli rcaidily 

1 (Uolitii and Againennone, AtU It. Accad. Limel 1905, [5], 14, i., 114; Bmithells, 
TrituH. Ohrm. Hoc.y isSS, 43, 125 ; Bolton, Bull. Sac. chim.y ISGt), 2, 450. Sec also Ditto, 
UouipL rcml, 1880, 9 I, 115. 

- von Uni’iili, Illmoirfcung von Armmmah anf UmnyUalzei lytmirtation, Roytock, 1909. 

SrnitliellH, loc. cit. 

^ Bolton, loc. cit, ; Baker, Trans. Cham. 1879, 35, 703 ; Annahn, 1880, 202, 240 ; 
Smitliells, loc. cit. 

Lonlkipanidze, */. liuss. Phys. Cham. 1900, 32, 283. 

SniitluOis, loc. cit. ; Baker, loc. cit. ^ Btolba, Z(disch. anal. Chum., 1804, 3 , 72. 

^ Boligot, Ann. Chvrn* Thys., 1842, 5, 20. 
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dissolves in water, yielding a red solution. It may be crystallised in 

c+nw °tS^i®t®ning dark red, hygroscopic needles. The solution is 
notstable, but gradually turns green with evolution of hydrogen. 

"^1 ^•Iso be obtained in solution by the reduction of 

uranyl salts in hydrochloric acid solution, either by means of nascent 
Hydrogen, or by electrolysis ^ in a special apparatus, in which a layer 
ot mercury is used as the cathode, the anode being of carbon, and the 
whole is cooled m ice. In the latter case, traces of dissolved mercury or 
platinum are liable to act as negative catalysts and stop the reduction 
when the uranium is in the tetravalent condition. The solutions of the 
tricmoride obtained contain excess of hydrochloric acid and are purple 

re , ey are comparatively stable, but are readily converted into 
uranous compounds. ^ 

Uranium Tetrachloride, Uranous Chloride, UCL, may be 

prepared by heating uranium, uranium carbide, » or a mixture of any 
0 X 1 e o uranium, or uranyl chloride, with carbon,^ in a stream of 
clilorine. A small quantity of the pentaehloride is also formed, but 
tms may be converted to the tetrachloride by heating at 235° C. in a 
current ot carbon dioxide.® Uranous chloride may also be obtained by 



the action of gaseous hydrogen chloride on uranous oxide ; « or by 
heating urano-uranic oxide in a current of carbon tetrachloride yapour, 
chlorine and sulphur chloride.’' The product can be 
a vacuum, or by heating to redness in an 
atmosphere of dry chlorine. In the latter case, a hard glass tube, of 

6), may be used;* the uranous chloride 
deposited close to the hot zone in the form of a green crystalline 
obtained m solution by exposing to the action of 
sunlight a solution in hydrochloric acid of uranic hydroxide, or of the 
green hydroxide, in presence of a little alcohol ; * or by reduction of 

ortmcef n/ f t hydrochloric acid in presence 

of traces of platimc chloride; it is obtained as a green crystalline 
precipitate on adding ether. ^ 

^ Zimmermann, Annalen, 1882, 213 , 285. 

! and Loebel, Zeitsch. anorg. Chem., 1908 <7 284 

Moissan, Compt. rend., 1896, 122 , 1088. ’ 

1874 43, 258 ; Roseoe, Tram. Chem. Soc., 1874, 27 , 933 • Ber 

1874, 7 , 1131 ; Zimmermann, Annalen, 1882, 212 320 • 1883 yrrt 8 ■ 

Zeitsch. anorg. Ghem., 1913, 8 i, 122 . ^ ^ ’ Koderburg, 

® Roscoe, he. cit. 

® Rose, Pogg. Annalen, 1862, ii 6 , 352 

Col«-ni, Ann. Ohm. Phys., 1907, [ 8 ], 12 , 59 ; Camboulives, Compt. rend 1910 130 

1914,87.209; Uoo.e, J . Amer’. 

® Moore, he. cit. 

10 ^®51’ 24 . 412 ; BuU Soc. chim., 1899, [3], 21 , 613 ■ 

Ber., 1901 ,^ 34 ! 1472 .““^’ P' *-1*° Kohlschiitter and Rossi, 
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Uranous chloride yields lustrous, dark green, octahedral crystals 
which sublime when heated to redness. The vapour density is 13-33 
(air=l)d corresponding to molecular weight 386-0 (UCl4=380-0). 
By ebullioscopic determinations of the molecular weight, using molten 
bismuth chloride as sol vent, Rtigheimer and Gonder ^ obtained the value 
373 . The crystals fume in tlie air and are very deliquescent. They 
readily dissol ve in water, with evolution of heat, yielding a green solu- 
tion which is feirly stable in the cold, but is hydrolysed to a consider- 
able extent and gives an acid reaction. It is a powerful reducing agent, 
and on evaporation, hydrochloric acid fumes escape, and on i>rolonged 
heatiiig or boiling, a black precipitate is produced which appears to be an 
oxychloride of composition UCI 4 . 5 UO. 2 .IOH 2 O.* On complete evapora- 
tion an anior'})hous deliquescent mass is obtained which when heated 
leaves urano-uranic oxide. Uranous chloride dissolves readily in ethyl 
alcohol, acetone, and other organic solvents.'* 

It is reduced to the metal by the action of alkali metals (see p. 279). 
Heated in hydrogen, it yields the trichloride ; in ammonia, a nitride ; ® 
in hydrogen sidphide, a sulphide.® 

The oxychloride, UCI 4 . 2 UO 2 .I 3 II 2 O, may be obtained ’ as green 
crystals liy the action of liglit on a solution of uranyl chloride in a 
mi.xture of alcohol and ether. When dried over sulphuric acid the salt 
loses water and leaves the monohydrate, UCl 4 . 2 UO 2 .II 2 O. This on 
heating a,t 100 ° C. becomes brownish-black and yields UCl.i.lHOa. 
Both hydrates dissolve in water and alcohol, forming green solutions. 

Double Chlorides of the type R 2 UCI 2 (R =Na, K, Li ; R 2 =Ca, Sr, 
Ba) liave been obtained » l)y passing uranous chloride vapour over the 
chloride of tlie alkali or alkaline earth metal heated to dull redness. 
The salts, which arc green, arc hygroscopic, and darken as they absorb 
moisture from tlic air. They are unstable, and their solutions oxidise 
slowly at ordinary tempcn-atiirc and more rtrpidly when heated. When 
evaporated in a vacuum over sulphuric acid they decompose, so that 
the salts eaimot l)e obtained in the crystalline form. 

The double salt, uranous chlorophosphate, UCl 4 .UH 2 (PO,,) 2 , 
separates in green crystals from a solution of uranous i)hosphate, 
UiL,(POi H.,(), in ‘concentrated liydrocliloric acid." A chloro- 
phosphatc" of "composition UCfi.SUOa.'iPaOs, has also been prepared 
(see p. 328). 

Uranium Pentachloride, UCI5, is formed in small quantity during 
the pri^paration of uranous chloride by chlorination of uranium or its 
oxidc^s, either by heating in a stream of chlorine or of carlion tetra- 
chloride va[)onr (sec p. 294) ; it forms as asublimate further from the 
heated material than the tetrachloride. It exists in two forms:**- 

^ ZiinnKH’mann, A-miahn, 1882, 216 , 8 . 

and (Hauler, ibid,j 1908, 364 , 45, 

=* Aliiy, n>dL Hoc. 1891), [3], 21 , (M3. 

Mid't 1 ) 11 , 67/m. iS'oc., .1914, 105 , 2,3, 

IJlirlaul), V erhindungen einiger Metalle mit Stickstoff^ (lottingon, 1859, p. 27. 

« Uram:rA>mdun(/(m^ (UMinifcniy W 

7 OrlolT, ,/. ./6hs*.s*. Phi/ 8 . OImm, Soc., 1903, 35, 513. Sea also ihid.j 1902, 34, 375. 

« Moissan, (Jom.pL rmd., 1895, 122 , 1088 ; Aloy, B^, 80 c, divm., 1899, [3J, 21 , 264. 

» Aloy, Ckim. Bhys., 1901, [T], 24 , 412. 

lloscoe, loc.. ciL ; Michael and Murpby, Amer. Ohem. J., 1910, 44, 365 ; Gamboulivcs, 
Conipt, rend., 1910, 150 , 175 ; Bourion, Ami. Ohim. Phys., 1910, [ 8 ], 21 , 58. 

Hoscoe, he. cit. 
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lustrous needle-shaped crystals, dark green by reflected, but ruby 
red by transmitted, light, and a light brown mobile powder. Both 
hygroscopic and are decomposed by water. The penta- 
chlonde cannot be volatilised without decomposition, for on heatiiio' 
It dissociates into uranous chloride and chlorine. In an atmosphere 
01 carbon dioxide the dissociation is complete at 285° C. 

u . ^^ 2 ^ 112 , is obtained in the anhydrous condition 

by the action of chlorine on heated uranous oxide. ^ It yields a yellow 
crptalhne mass, stable in dry air but very hygroscopic and readily 
so uble in water. It is also soluble in alcohol or ether. When heated 
m air uranyl chloride loses chlorine and leaves uranous oxide which 
IS oxidised to higher oxides. If heated to redness in hydrogen it is 
reduced to uranous oxide.^ Fusion with excess of caustic potlsh in 
an open tube produces a red peruranate, K 2 UO 5 , which o-raduallv 
changes to the yellow uranate, K 2 UO 4 , with loss of oxygen. ^ 

arid • solution by oxidising uranous chloride with nitric 

nr b’ uranic oxide in concentrated hydrochloric acid ■ 

QT h h ^ barium chloride to a concentrated solution of uranyl 

SfatioT^^^^^^^^ complete.^ Its aqueous solution cm 

e\aporation yields the monohydrate UO^n IT O s Tbn • 

onJin»ry temperatures and slowly depiits uranic hydroykl” 

radutd ^sohS'to''? “'“y' ehlorideCrbe 

orSmin urn oowdS . «f masneiium 

emonS ™ brnt « t ‘ S ,:, f , 


Temperature, ° C. 


14-6 

16-3 

13-7 

13- 1 

14- 2 
15*2 

14- 3 
14*5 

15- 0 
14-8 


Concentration, 
UO 2 CI 2 per cent. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Density. 


1-0056 

1-0112 

1-0161 

1-0215 

1-0260 

1-0313 

1-0366 

1-0418 

1-0469 

1-0517 


iUOjClein\ litres at 2^ solutions eoiitaiiiinf; 

2^*0 to^a nts tJS tl?. S 

2 n Phys., 1842, fS'l K 5 

3 M Gmnpt. rend., 1908 147 ’ 1*477 

4 Mykus and Dietz, sir., mi, 34 2774’ ’■ 

CWm PAya’., 1904, m- Bdej., 1909, p. 836 • 

c., see West and Jones, A<tmT. Chem. J„ 1910, 44', 50^? ^"^^^ductivities at 35°, 50°, and 
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From the solution in hydrochloric acid, the trihydrate, UOaClg.SHaO, 
possibly H.3UO5.2HCI, separates ^ in yellowish-green hygroscopic 
prisms, which when heated abov^e 100° C. decompose, losing water, 
hydrogen chloride, and clilorine. The trihydrate dissolves in water, 

1 part in (>-134 part of water at 18 ° C., yielding a viscous solution of 
density 2 - 7 d. 

A saturated solution of uranyl chloride in hydrochloric acid when 
cooled to — 10° C. yields yellow crystals of an unstable hydrochloride, 
UOaCla-IKd. 21120.^ Tlie compound may also be obtained by the 
action of hydrochloric acid on uranyl nitrate.^ 

Compouiuls of uranyl chloride with ammonia, of composition 
lJ02Cl2.2NII;j and U()2Cl2.8Nll.j, and witli organic compounds, for 
exam|)le X J 2*2Nli.j. ( ('21X5 a,nd IJOoCl 2-2 (C2XI5 )20, have been 

described.*^ Well crystallised com])ounds with organic bases have also 
been pre|)ared.^ 

Uranyl eliloride reacts with tlie clilorides of tlie alkali metals to 
form a series of com])lcx salts of tlie tyjie R2(XJ02)X'U- Uranyl potas- 
sium eliloride, K2(U()2)C1,|, is })repared in the anhydrous condition by 
jiassing dry chlorine hrst over heated uranous oxide and then over 
heated |)otassium eliloride.- It is obtained a.s a golden-yellow powder 
wliicili wlicni h(iat(Kl to redness melts without decomposition. It is 
^'ery soluble in water. Tlie dibydrate, K2(U02)Cl,|.2ll20, scfiarates on 
eva|)ora;tion of a solution containing potassium eliloride and uranyl 
eliloride ; or of a hydrochloric acid solution of potassium uranate.’ 
It yields greenish-yxvllow, triclinic pinacoidal plates.*^ The double 
salt can only lie ol)tainc‘d jiure irom the aqueous solution aliove 60 ° C., 
as bc‘low tfiis temperat.urc" it undergoes partiaU dccomiiosition with 
separation of ])<)tassium eliloride. Tlie arnmonium salt, (NXI^ja 
( U02)Cl4.2l I2O, prcfiared by crystallisation from a solution of ammonium 
and uranyl ehlorickss in concentrated hydi'ocliloric acid, is isomorphous 
with the fiotassium salt,^^^ and behaves similarly with water.^ The 
sodium salt, Na2(U()2)X'l4, olitained in the dry way by passing chlorine 
su(‘C(‘ssi\'c‘ly over heatcvl uranous oxide and sodium eliloride,^ is a 
golden-yellow substance with properties similar to the anhydrous 
potassium salt. Th(‘ rubidium salt, Rb2(XJ02)Cl4.2Xl20, is isomorphous 
with th(‘ potassium and ammonium salts, but dilTers from them in 
being undc‘Comj)os(‘d by water lioth at high and low temperatures. 
The ca'siuni compoimd, Cs2(UX)2)X‘l^s obtained in yellow rhombic 
leallets from an ac|ueous solution of the mixed clilorides containing 
hydrochloric acid.^^- Like the rubidium salt, it is stable towards water. 

^ MyliuH aiid loc. cit. 

- Aioy, Ihdl. Nw. chim.y 11)01, [3], 25, 159, 

^ O. (Ir (^oniijck, RrchnrhjuH mir le nitraUi (Vnraniwm, MoiitpelHcr, 1901. 

^ R(‘^ 4 (!ls})rr|jj(*r, Anyialvn, 1885, 227, 119; see alno Ordway, Amcr. J. ScL, 1858, [2], 
26, 208; Jdhrv.Hhvr., 1858, p, 115; von Unruh, I^mwirkimg van Ammoniak auf Uram/l> 
mlzc, Jh.'i.v'rtation, Rostock, 1909. 

** Riinbac.li, 1904, 37, 401 ; (IrosHmaim and tSehueik, Zeilmh. anorij. Ohem., 1906, 
50 , 21 ; s(‘(- a-lso W'illiains, «/. prakt. (diem., 1856, 69 , !)55, 

” Arfvc'dson, 1 *(>(/(/. Amialvn, 1824, i, 245; J., 1825, 44 , 8 ; Berzelius, 

Pogg. A nnate n, 182*1, i, 359 ; Eehweigger\i J., 1825,44, 191. 

Pohy^ot, lar. n't. 

.R.a,mnu‘lsl>(*rii;, IJandb. d, kridallogr, (Jhemie, Berlin, 1855, p. 215 ; de la Provostaye, 
Ann. (Jhim. Phus.', 1842, [ 3 ], 6, 165. ^ B.imbach, he. cit. 

droll), (J/icmisrhe Krystalhgraphic, 1908, i., 595. 

Wells and Boliwood, Zeilsch. mwrg. Chem., 1895, 10 , 181. 
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Uranyl Chlorate, U 02 (G 103 ) 2 .xH 20 , is obtained by the addition 
ot barium chlorate to a solution of uranyl sulphateA After filtration 
and evaporation, crystals are obtained whicli are readily soluble in 

Uranyl Perchlorate, UOalClO.la.hHsO, is prepared by adding 

perchloric acid to a solution of potassium uranate, filterino' off the 
precipitated potassium perchlorate, and evaporating the filtrate over 
P®^to-yde.2 It forms yellow prismatic crystals, which 
UOaCCIOj! 4H yielding the tetmhjdrate, 

Uranium and Bromine. 

Uranium Tribromide, UBrg, is obtained by reduction of uranous 
bromide m a stream of hydrogen.* It yields dark brown needles with 
properties simikr to those of the trichloride (see p. 293). 

Uranium Tetrabromide, Uranous Bromide, UBr,, is prenared 

ove?T^hfate™?d5i°/ dioxide and bromine vapour 
nroduet m u i°^ urano-uranic oxide and charcoal.4 The 

It purified by sublimation in absence of air (see p. 284). 

of hvdroCTPr, ^y/^®uting fused uranous chloride in a current 

At^ed heat it dark brown leaflets, of density 4-838 at 21° C.<^ 

fields a dark brown vapour of density 19‘46 /"‘lir i ^ 

water but tL , hygroscopic and very soluble in 

unstable solution resembles that of uranous chloride in beiim 

bromide is Sed"^ escapes, and by oxidation yellow uranyl 

ehlorid^f htveTSn prepare*! similar to the corresponding 
over the’ heated aTkrCd^ 3“''™ tetrabromide vapour 

KaUBr. and Na.UBr are rrreoT^ The potassium and sodium salts, 
but teho tSb“„S substance, hygroscopic, 

current of bro^TCrin^u^r^a ^ heated in a 

bromide is formed The former uranyl bromide and uranous 

obtained as yTowish .reef flimreT ^ "^tmcted with ether, and 
the solution. ^It is obtained in by evaporation of 

bromine water on uranouf ^ide oroTl f ^^tion of 

it de^nrpesed .h moisj^^ b?ra2dtr2t “ S7aSf 

^ Rammelsberg, Pogg. Annalen, 1842, sc 77 
3 SaJvadon, Chem. Zeit., 1912, 36, 513 ' 

j^begofi, AnmUn, 1886, 233; 117 ‘ 

"U3iniGriii3iiin, 1885 ts Qd'7 yf ^ 

Gottingen, 1861’ p Z2 ^ ’ I^^®rmann, t/ier einige 

Md Merigold, Ohem. News, 1902 8?' 177 - 137, 382 ; Richards 

Amer.Acad., 1902. 37, 365. ’ “'“’'S’- Ohem., 1902, 31, 235; Prol 

! Colam, r4»re. Chim. Phys., 1907 fsi 12 so 
Richards and Merigoldf Zoc. cit ’ 

^-immermarm, he. cit. 

'S'oe. eUm., 1897, [3], 17, 267; Aloy 

oendtner, Ajinalen, 1875 , 195, 325. ' 
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acid ; ^ in dry air it gradually evolves bromine. The solution in water 
decomposes on keeping, and deposits the yellow hydrate of uranic 
oxide. When heated, it evolves bromine and hydrogen bromide, and 
leaves a brick-red residue of iiranous oxide.^ 

The double cMorides, K2(U02)Br,.2H20 mid 
have been prepared by acting upon solutions of the alkali uranates 
with liydrobromic acid. They are separated as yellowish-brown 
crystals. 

Uranyl bromatc does not appear to be stable. If a solution of 
uranyl sul|)liate is treated with barium bromate, and the filtrate after 
removal ol' the jirecipitate is subjected to evaporation, bromine escapes 
and a syrupy liquid remains which appears to be a basic bromate.^ 


Ueanium and Iodine. 


Uranium Tetra-iodide, Uranous Iodide, UI4, is obtained by 
passing iodine vapour over jiowdered uranium heated to 5()()° C. in a 
vaeiium tube.^ It forms as a sublimate consisting of fine black needle- 
shaped crystals, of density 5-0 at 15° C. On heating, it melts at about 
500° C., and in air readily oxidises to urano-uranic oxide. It is reduced 
when lieated in liydrogen. It is soluble in water, yielding a green acid 
solution which gives the characteristic reactions ol uranous salts and, 
like the solutions of the corresponding chloride and bromide, is unstable. 

Uranyl Iodide, UO3I2, is prep'ared by adding barium iodide in 
sliglit excess to an ethereal solution of uranyl nitrate.^* It separates 
in red crystals which are deliquescent and unstable, losing iodine in 
the air, and in a(]ueous solution forming hydriodic acid and tree iodine.'^ 

Uranyl lodate, UO.CIOjjIa, is obtained by precipitation of a solu- 
tion of uranyl nitrate l)y nieaiis of sodium iodate in presence of a large 
excess of nitric acid. According to Ditte,® the anhydrous salt is ob- 
tained as yellow crystals by mixing the boiling solutions and crystal- 
lising at 60° C. A pentahydmte, lJ02(I0.j)2.5ll20, is obtained when 
iodic acid or sodium iodate is added to a cold solution oi uranyl acetate. 
Wlien heated to 250° (k the iodate decomposes, yielding iodine and 
urano-uranic oxide. According to Artmann,^ however, the iodate does 
not exist in tlie anliydrous condition, but only as the mono- and di- 
hydrates, tlie nature of the product in the precipitation of uranyl 
nitrate by means of sodium iodate depending upon the condiUons. 
From hot and acid solutions the monohydrcite, UOallOjOa.Hg^^ is 
obtained, wliile from cold solutions the 

precipitated, monohydrate exists in two modifications : a rhombic 

Tirismatic form, stable at ordinary temperatures, ol. density 5*220 at 
18° C., and a jiyramidal form of density 5*052 at 18 C. The former is 
converted into the latter hy boiling with water, while the reverse change 
takes place slowly at ordinary temperatures. The two varieties ditter 


I 0. de Corunck, Bull Acad. my. Bdg., 1902, 12, 1025. 
a O. do Coninck, Couipt. revid., 1902, 135. 900. 

3 Hciidtnor he cM. Rammelsberg, loc. cil 

UuioJuird’, (JcmvpL rend., 1907, 145, 921. See also Moissan, ibid., 1896, 122, 274. 

« Ak)Y, .'I/m. /V«/.s^, 1901, [7], 24, 412 ^ id . 

Aloy, loc. cil ; ErchercMs sur Vurannwi et ses composeB, Time 21, 1 ans, lJUi, p. , 
von Un full, Dmertatioa, Rostock, 1909. 

« Ditlv, 77/ rNr, Paris, 1870. , „ aan 

^ Artiuanii, Zeiheh. anortj. Ghcm., 1913, 79? » 1913, 80, -uoO. 
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in solubility, 100 c.c. of water dissolving at 18° C. 0-1049 gram of the 
prismatic form and 0*1214 gram of the pyramidal form. The di- 
hydrate has a lighter yellow colour and crystallises in irregular aggre- 
gates. It is slightly soluble in water, the solution being strongly acid. 
When heated, uranyl iodate retains one molecule of water and does not 
become anhydrous. Artmann, therefore, suggests that the molecule 
of the compound should be represented by the formula (OH)(UO,)I 03 . 
IO3H., i.e. 

OH.UOa.O.I^ ^I.O.OH. 

The potassium salt, K(U 02 ) ( 103 ) 3 . 8 li 205 precipitated when 

potassium iodate is added in large excess to uranyl iodate solution 
as a light yellow powder of density 3-706. It is sparingly soluble in and 
is hydrolysed by water ; it is converted into uranyl iodate by excess of 
uranyl nitrate. 

Uranium and Oxygien. 

The two chief oxides of uranium are the basic uranous oxide UOo 
j ^ anhydride UO3. Intermediate between these two is a 
well-defined green oxide of composition Less certain ^ is the 

existence of a pentoxide UgO^, and a tetroxide, uranium peroxide, UO., 
though well-d^ned derivatives of the latter, peruranates, are known. 

A ^ Oxide, Uranium Dioxide, U Og, owing to its stability 

and metallic appearance, was until 1842 thought to be the element. 

It may be obtained as a brown amorphous powder, usually pyrophoric, 

or uranyl oxalate,^ by heating in a 
^ by ^gniting the higher oxides in an indifferent atmo- 

Se ^ or by heating urano-uranic 

^ ammonium chloride,^ ammonium chloride and sulphur ^ or 

0 ?Satp produced by reducing urany/sulphate 

potassium together uranyl phosphate, 

pot^sium carbonate, and potassium cyanide ; « or by electrolysis of a 

*Sr.? “ w Jk poS by tot 

5uSi„“ ““”y‘ '““‘I' '•y “““ of po-fred 

ctysVS“Xn*!,t';tt obtained in the form of black microscopic 

S a liMrhvItSl '"«> “'b™ » lotted 

is heated in hvJ^ crystallised uranic hydroxide 

inrSlSiffvir’ chloride is heated withpLssium 

a eurrentof hydrogen,r3or with a mixture of ammonium and sodium 

n..d S. is»i E.y. 

382 ; Isf Colani, Compt. rend., 1903, 137, 

9 Paris, 1862 2 728 

“ 0 : dt cX:tT6«!:T909.T7M“‘'- P- 321. 

^'oy.’pS!^ic!l^^!T90o'’[3]%i68 

’ ^3’ 368. 13 Arfvedson, he. cit. 
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chlorides ; ^ or when the double chloride, NagUClg, is heated to redness 
in a moisture-laden stream of carbon dioxide. ^ Especially fine black 
cubic crystals are obtained by fusing together 1 part of sodium diuranate 
and 4 parts of magnesium chloride.^ The amorphous form may be 
readily converted into the crystalline variety hy fusion with borax, 
the product being washed with dilute hydrochloric acid, when jet-black 
octahedra are obtained.^ 

A brick-red variet}^ of uranous oxide has been obtained ^ by calcining 
uranyl bromide in the air. It is very stable at high temperatures, and 
is converted to the black modification by heating in hydrogen without 
any appreciable loss of oxygen. 

On a commercial scale uranous oxide is prepared ® by fusing at 
red heat a mixture of 35 parts of common salt and 20 parts of sodium 
uranate with 1 part of powdered charcoal, the heating being continued 
until the escape of gas ceases. After cooling, the mass is lixiviated with 
water, and the residue of uranous oxide is washed by decantation. 
By washing with 5 per cent, hydrochloric acid, any iron, aluminium, or 
vanadium compounds may be removed, and a commercial product of 
purity equivalent to 97 per cent. UgOg is obtained. If the uranous 
oxide is required for the production of ferro-uranium, the complete 
removal of iron is not necessary. 

Uranous oxide exists in various forms, depending, as indicated above, 
on the mode of formation. The crystals are usually regular in form, 
of density 10*95 to 11*0 at 4° C., and are isomorphous with those of 
cerium and thorium dioxides."^ The specific heat, according to Reg- 
nault, is 0*0619. The magnetis ability of uranous oxide is greater than 
that of the metal or of the higher oxides, the magnetic susceptibility ® 
being +7*51 x 10”®. When heated in an atmosphere of nitrogen, the 
oxide melts at 2176° C.^ It is the most stable of the oxides of uranium 
at high temperatures, and in many respects behaves like an element. 
It cannot be reduced by heating in a current of hydrogen, but it is 
reduced by carbon at about 1500° It combines directly with 

chlorine and bromine at red heat, uranyl compounds being produced. 
When heated in oxygen, it is readily oxidised, the action commencing 
at about 185° C.,^^ and the only product is urano-uranic oxide.^^ The 
heat of the reaction is as follows : 

3U02+20=:U308+75,300 calories. 

^ Wohler, Annalen, 1842, 41 , 345 ; see also Hillebrand, ZeitscJi. anorg. Cliem., 1893, 3 , 
243. 

2 Colani, Com,pt. rend., 1903, 137 , 382 ; Ann. GUm. Phys., 1907, [ 8 ], 12 , 59. 

^ Hofniann and Hosclxele, Ber., 1915, 48 , 20. 

^ Hillebrand, loc. cit. 

^ 0. de Coninck, Compt. rend., 1902, 135 , 900. 

® Parsons, J. Ind. Eng. Chem., 1917, 9 , 466. 

Goldschmidt and Thomassen, VidenshapsselskajMs SJerifter. Mat. Naturv. Klasse, 
1923, p. 5 ; Ghern. Zentr., 1923, i., 1149 ; Hillebrand, Zeitsch. anorg. Gliem., 1893, 3 , 243 ; 
Bull. U.8. Geol Survey, 1893, p. 113 ; Hofmann and Hoschele, loc. cit. Compare Aloy, 
loc. cit., who obtained orthorhombic crystals. Ebelmen, loc. cit., gives density 10*15 for a 
red variety obtained by reduction of uranyl oxalate in hydrogen. Compare Raynaud, 
loc. cit. 

8 Wedekind and Horst, Ber., 1915, 48 , 105. 

8 Ruif and Goecke, Zeitsch. angew. Ghem., 1911, 24 , ii., 1459. 

Greenwood, Trans. Chem. Soc., 1908, 93 , 1483. 

Jolibois and Bossuet, Go^npt. rend., 1922, 174 , 386. 

Compare 0. de Coninck and Raynaud, Bull. Soc. chim., 1912, [4], ii, 1037. 

13 Mixter, Amer. J. ScL, 1912, [4], 34 , 141. 
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Uranous oxide is only difficultly soluble in hydrochloric and sulphuric 
acids, even when concentrated. With the latter acid, insoluble uranium 
sulphate is formed.^ It readily dissolves, however, in dilute nitric acid 
forming uranyl nitrate ; ^ it is also soluble in aqua regia. The amounts 
of the oxide dissolving in these acids in a given time vary widely 
with the mode of preparation of the oxide. 

It resembles the dioxide of molybdenum (see p. 131) in being able 
to reduce salts of silver in ammoniacal solution, with precipitation of 
silver, thus : ^ 

U02+2Ag+20H' — .U 03 + 2 Ag+H 20 . 

Colloidal TJranous Oxide . — During the electrolysis of a solution of 
uranyl chloride a black reduction product is precipitated at the cathode. 
This precipitate dissolves in water, forming a dark-coloured colloidal 
solution, which by titration with potassium permanganate, before and 
after reduction with zinc, has been shown to contain uranous oxide. ^ 
A similar solution may be obtained by the reduction of uranyl chloride 
by zinc or copper in ^lute acid solution. When very dilute, the solu- 
tion has a yellow tinge. In an electric field it becomes decolorised 
at the anode and precipitation takes place at the cathode. It behaves 
as a typical positive colloid with coagulating agents. 

Uranous Hydroxide. — The addition of alkali to a solution of a 
uranous salt produces a reddish-brown gelatinous precijDitate, which 
darkens in colour on boiling the solution. If dried in vacuo it becomes 
black and has the composition UOg.HgO. This rapidly oxidises in the 
air and readily dissolves in dilute acids, forming uranous salts. It 
acts upon a neutral solution of silver nitrate, first precipitating silver 
oxide and forrning a green solution which, however, soon turns yellow, 
and the oxide is reduced to metallic silver as the uranyl salt forms in 
solution,® thus : 


(i) 4AgN03+U02=2Ag20+U(N03)4, 

(ii) U(N03),-f2Ag20=U02(N03)3+2AgN03+2Ag. 

According to Aloy,® a black crystalline hydrate, of composition 
UO2.2H2O, is obtained when crystallised uranous sulphate is treated with 
hot potassium or sodium hydroxide solution. The product, when 
thoroughly washed, remains stable in air for several days. It dissolves 
in dilute acids, yielding uranous salts. On heating, it is completely 
converted to the green oxide. 

Pentoxide, U2O5. — ^The existence of this oxide is not 
definitely established. It has been described as the black product 
obtained when a uranium salt of a volatile acid is strongly ignited in 
air ; when uranyl sulphate, (U02)S04.3H20, is rapidly heated ; ® 
when ammonium diuranate, (NH4)2U20,.6H20, is heated in a carbon 
crucible ; 9 and when a solution of uranyl nitrate is electrolysed. 


^ Colani, Gompt. rend., 1912, 155, 1249. 

^ Raynaud, loc. cit. 

® Smith and Shinn, Zeitsch, anorg. OJiem., 1894, 7, 47 
^ Samsonow, Zeitsch. Ghem. Ind. Kolloide, 1911, 8, 96 
^ Isambert, Gompt. rend., 1875, 53, 1087 
® Aloy, Bull. Soc. chim., 1899, [3], 21, 613. 

I PeHgot, Ann. Ghim. Phys., 1842, [3], 5, 5, 12. 

® 0. de Coninck, ibid., 1903, [7], 28, 5. 

10 Z Berg..Huttenw., 49, 325, 340 ; Jahresber., 1901, ii., 266. 

0. de Coninck and Camo, Bull. Acad. roy. Belg., 1901, p, 321. 
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IMiiuy observers regard tlie substance as a mixture of uranous oxide 
and urano-uranic oxide, but from a study of the dissociation tension of 
tlie latter oxide Sc^hwarz ^ gained evidence of the existence of an inter- 
mediate oxide, and by heating the higher oxide in a stream of carbon 
dioxide in an electric furnace at 1122*^ C. he obtained a black product 
of tlie aii})roximate composition U2O5. The substance is reduced to 
nranons oxide by strongly heating in hydrogen. It dissolves in acids 
to form uranous and iiranyl salts. 

Urano-uranic Oxide, the Green Oxide of Uranium, U^Og or 
U02.2U0;j, occurs in nature inamore or less pure conditionas pitchblende 
(see p. 272). It may be obtained by heating to redness any of the other 
oxides of uranium ; by strongly igniting, at a temperature above 
OOO'' C.,'1 rinimonium diuranatc ; or by hea.ting to redness the uranium 
salt: of a.n\^ volatile a(‘id. Tlie uranyl salts of commerce are invariably 
impure^ wifli a.lkali, so that it is im]iossible to obtain the pure oxide from 
them, unl(‘ss tliey are iirst puriried by a series of rccrystallisatioiis.^ 
'Vo obtain pure urano-uranic oxide, free Irom alkali, the following 
nu‘thod may be used : Sodium uranyl acetate (100 g.) is dissolved 
in a. mixtur(‘ ol' water (1 1.) a,nd hydrochloric acid (50 e.c.), and pre- 
cipitated liy adding concentrated ammonia solution (300 e.c.). The 
preeipita,te is washed teii timcNs with a 2 |)er cent, ammonium chloride 
solution, and tlien redissolved in hydrocliloric acid. The precipitation 
witli ammonia and wasliing are repeated twice, and the final precipitate, 
on c*a.l(‘ination, yields pure urano-uranic oxide. 

lJra,no-iirani(‘ oxide is an amorphous powder, Auxrying in colour, 
according to its mode of preparation, Itom green to lilack, but in all 
caisc^s it kaives a green streak on imglazed ])orcelain.'^ The density, 
a,ceor(ling to Karsten, is 7*103 ; according to Ebehnen,® 7*31. The 
sj)eeih(* heat at ordinary tem|)(rratures is ()-07l)79,^^ but the value falls 
consideralily at lowcu' t(mi|)eratures, as shown by the following deter- 
minations : 


Ttnnptn'aiun* Kang(% ” (t 

S|)eciile Heat. 

0 to 77 

-- 77 to —100 

OOOIG 

()*()428 


The oxide is paramagnetic, the susceptibility^^ being +0-95 Xl0“^ a 

^ Bee Zimmc'nnann, A tmakn^ I BBC, 232 , 278 ; Oolani, Arm. Ohim. Phys., 1907, [ 8 ], 12 , 
50 - 

® Schwarz, (Jhim, Actn^ 1920, 3 , 880. 

» Mc(J<)y and AHlinian, Anier. ./. ScL, 1908, [4], 26 , 521 ; JoliboiB and Bossiiet, Co7npt. 
rend., 1922* 174 , 88(5. 

Oolani, /I/ua. Ofidni. Phyn., 1907, [ 8 ], 12 , 59. 

Mcl’oy and Ashnnin, loo. cit. ; (JioHtti and Tavanti, QazzeMa, 1908, 38 , ii., 289. 
(doliUi and Tavanti, loc, cit. 

’ Rcnndc, Pogy. Annalvn, 1805, 124 , 126 ; Zeikeh. anal. Chem., 1865, 4 , 379; vonder 
Pfof(lt(ni, A nnale.n, 188.8, 222 , 142 ; Zimmnrmann, ibid., 1886, 232 , 278„ 

H Mbdirnni, Ann. Chim. Phys., 1842, [ 8 ], 5» iB9 ; Annalen, 1842, 43 , 286. 

» Donath, Jkr., 1879, 12 , 742. 

R\ihh(41, Physikak Zeitsch., 1912, 13 , 59. 

n Wedekind and Horst, Per., 1915, 48 , 105 ; Honda, see Wedekind, Mag7idochemie, by 
Borntrilger, x>- 76, Bedin, 1911. 
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value very near to that for the metal itself. The single electrode 
potential of the oxide, measured by pasting it in a finely powdered 
condition with gelatin on a platinum electrode and immersing it in a 
solution of uranyl nitrate containing 14*3 grams per litre, is : ^ 

U308/U02(N03)2=0-776 volt. 

This value is identical with that obtained for uranous oxide. 

Urano-uranic oxide is insoluble in water and in dilute acids ; in 
concentrated mineral acids it dissolves slowly, forming a mixture of 
uranous and uranyl salts. It is very stable at high temperatures, and 
for this reason uranium is usually converted into this oxide for gravi- 
metric estimation. It may be heated in a vacuum for three hours at 
1000° C. without any appreciable loss of oxygen, and in order to obtain 
the dioxide from it by simple dissociation a temperature of 2000° C. 
is necessary.^ It is reduced when heated in hydrogen, the sole product 
being the dioxide (see p. 300 ). The action commences at about 625 ° C. 
and can be completed at 650 ° C. It also yields the dioxide when 
heated with sulphur. It is reduced to the metal by heating with 
carbon in the electric furnace ; also by heating with magnesium ^ (see 
p. 278 ). When heated in a stream of carbon dioxide at about 1120° C. 
it yields the pentoxide.^ 

The heat of formation of the oxide has been determined by Mixter ^ 
as follows : 

3U+402=U30g-|- 845,200 calories. 


The chemical behaviour of urano-uranic oxide indicates the presence 
of tetra- and hexa- valent uranium and supports the view that it is an 
association of uranous and uranic oxides, thus : UO2.2UO3. The pro- 
perties of the substance do not support the view of Groth that it is 
uranous uranate, U(U04)2. 

The oxide is sometimes used for producing a black glaze on porcelain. 
In uniform films it may be used as a standard of a-ray activity.^ 

Hydrates of Urano-uranic Oxide . — ^When an aqueous solution of 
uranyl oxalate, or an alcoholic solution of uranyl acetate, is exposed to 
sunlight, a violet precipitate of hydrated urano-uranic oxide is formed. 
Moreover, any uranyl salt in solution in presence of a readily oxidisable 
organic substance, such as alcohol, ether, or glucose, when exposed to 
light, or better to ultra-violet rays, yields a violet precipitate which 
invariably contains the acid present in the original salt. The acid, 
however, can be removed by boiling with water, and a green hydrated 
oxide, U3O8.2H2O, results ® (see p. 287 ). Similar violet compounds 
are also obtained, without the action of light, whenever uranous and 


^ Pierle, J. Physical Ghem., 1919, 23, 517. 

2 JoUbois and Bossuet, Gompt. rend., 1922, 174, 386. The oxygen-dissociation 
preffiiues m vacuo, at temperatures between 625° C. and 1165° C., have been determined 
by Colani, see Ann. Ghim. Phys., 1907, [8], 12, 59. 

» ^oy, Bull Soc.chim., 1901, [2], 25, 344 ; Eideal, J. Soc. Ohem. Ind., 1914, 33, 673. 

^ Schwarz, Helv. Chim. Acta, 1920, 3, 330. 

5 Mixter, Amer. J. Sci., 1912, [4], 34, 141. 

« McCoy and Ashman, Amer. J. Sci., 1908, [4], 26 521 

SoJ cfSgoofSS fef ^ 5, 189 ; Aloy, Bull. 

re ValdigniS, Oompt 
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uranyl salts are present togetlicr in ncntral or feebly acid solution at 
the requisite tem])erature. 

Uraniiini Trioxide, Uranic Oxide, Uranic Anhydride, or 
Uranyl Oxide, UO-i, is obtained when uranic acid, amnionium diuranate, 
or animoniuvn iiranyl carbonate is heated to a temperature not exceed- 
ino' 300"" C.^ Wlien tiranyl nitrate is similarly heated the product 
always contains l)asic nitrate,^ l)ut if tins product is heated in a current 
of oxygen at 5()0" C. it yic'lds |)ure uranium trioxidc.^ 

The oxide a])i)cars to exist in two modifications, orange-yellow and 
red, the latter |)r<)bal)ly l)eing a polymeride of the former.^ The 
yellow variety |>roduces the red on prolonged heating. Both forms are 
amorphous.''^ ' The oxide is paramagnetic, the susceptibility® being 
-fl-OSXlO Wlien strongly heated in air or oxygen it yields the 
green oxide, and in the latter case traces of ozone are also formed.'^ 

It is redu(*ed wlicai luxated with hydrogen to uranous oxide ; ® with 
carbon in the (‘le(‘tric furnac(^ at 3()6o'' C. it yields the metal. ^ 

The folhnving value's for the heat of formation of uranium trioxide 
have been determined as lollows : 


U I 30 ^ UO;} - 1 303, 900 calories 
U().> 1 O -XJOV 1-11,200 calories 
Uy()“ I O : .3U6.j 10.0,200 calorics. 

Uranium trioxide is slightly basic, but with the exception of uranium 
hexafluoride, the salts (<)rmc'd by interaction witli acids still contain 
two-thirds of its oxygt'U in the l‘orm of tlie uranyl radical, com|)ounds 
of the type being iiroduced. On tlic other hand, liowevcr, 

the oxide acts towjvrds sUong bases as an acid anhydride, similar to 
chromic anhydride', and jiroduccs st-a.blc uranates. In contticl. with 
water it readily forms uranic^ a,cid, U() 2 (OH) 2 .‘^ 

Hydrates of IJraniuni Tnccrh/c.~Two wcll-dchned hydrates are 
known (l)‘the UO.,.n20 ; and (2) the UO.j. 

2H.>0. The fornu'r is also known as immic amf UallO.i, or iiranyl 
hydroxide, I10t,(OII )i>, and acts l)oth as an acid and a base. If may bt 
obtained in the am()r})hous <'onditiou l)y lieating an alcoholic solution 
of uranyl nitrat(' for some time at *i tcmiierature just below its lioiling- 
])oint, and tlu'u washing the yellow precipitate iiroduced with boiling 
water ; l)y exposing a solution of uranium oxalates to liglvt until the 


I mx-hnc'ii, he. eU. ; /intrage zw Kmntriis der UranyUalze, Dwmrhtiorh 

Berlin, ISOS ; nrxmok, 

Brunc.k, he. eU. ; hehem, Oompt, rmd., 1912, 154 , 1808, Of. Jacqiielain, Chem. 
Fharm. (UnUr., 1845, p, 11)3 ; di^ Porcnimh OompL rend., 1913, 156 ^ 1954. 

^ lAdwiiu, loe. ciL , ^ 

^ 0. do (lonin(4c, ronipt. rend., 1901, 132 , 204 ; Bull. Boc. roy. Belg., 1904, pp. 31)3, 448. 

See alHo (O’! Fore.rand, he. eil. . 

G Se('. (JoldHc.hnndt- and ThomaHHon, Viden,HkipHseMikapets Bkrifter, Mat. i\alurv. 

Klaase., 1923, p. 5 ; Chmh. Zenir., 1923,1., 1149. 

« \Ved<d<ind and Hornt, Bar., 1915, 48 , 105. 

’ Bnmek, loc. cM. , , ,, oAr 

« Sabiilicr and Knnderi'nB, Bull. Bor. chim., 189.'>, |.:!], 13 . 870 ; Compt. rand., 120 , 

018. 

Moi-ssan, (Uinipt. rend., 1892, Ii5f 1031. 

10 MixkM% Amer. J. Bei, 1 912, [4], 34. lU- B oivrand, toe. eM. 

II Stu'. IliiUiii; a,nd von Sehrocxler, ZeMneh. miorg. Cheni., 19-j^, I 2 I, 243. icur 

1^1 Malagul.i,'.l/nn Phyn., 1843, [31, 9 , 403; see also Berzcluis, Jahresber., 184o, 

24 , 118. 
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precipitated violet hydroxide turns yellow, ^ and then washing and drying 
the product ; or by heating the dihydrate, UO.J.2II2O, in dry air at 
300 Q 2 j|. obtained in the crystalline form by exposing tlie 

violet hydrate to air, and then boiling it with water for several hours ; ^ 
by heating a 2 per cent, solution of uranyl acetate in a sealed tulie at 
175° C. for 100 hours ; ^ by digesting precipitated copper hydrate 
vdth a solution of uranyl nitrate ; ^ by dissolving the amorplious form 
in a concentrated solution of uranyl nitrate, evaporating to dryness, 
and extracting the residue with dry ether ; or by the electrolysis of a 
solution of uranyl nitrate with current intensity less than 1 amj)ere.<‘ 
It is also formed, mixed with the dihydrate, when a solution of uranyl 
nitrate is evaporated almost to dryness on a water-bath.'^ 

Uranic acid, when amorphous, is a yellow powder, of density 5*02. 
In the crystalline form it yields, according to its mode of fc)rination,' 
rectangular orthorhombic tables ^ or hexagonal crystals.*^ Wlieii 
heated to 300° C. it loses water, ^ but it does’ not appear to be com- 
pletely dehydrated until it begins to lose oxygen.® 

The single potential of the acid electrode, determined in tlie manner 
described for the green oxide (see p. 304), is as follows : 


U03.H20/U02(N03)2 = 


-u-ouu von- 


It dissolves in acids to form yellow solutions which on conccntralion 
^eld well-crystallised uranyl salts, while with inorganic and organic 
bases it yields uranates. 

The dihydrate, UO3.2H2O, appears to be analogous to the corre- 
compound, and behaves as the monohydrate of 
th^?° f f H2UO4.H2O. It IS formed by the slow oxidation in a,ir of 

ctrblnite^xvhef>?i7^®'‘^’ “u^’ a solution of ammonium uranyl 

S um^vl ’ Sttl T precipitate ; by evaporating a solution 

01 uranyl nitrate at ordinary temperature over subilmric acid ■uid 
extracting the residue with ether ; or bv heating Uranus wit h 

li'hte in coW tf hydrate is alcmon-ycllow powder, 

misS On ^ obtained in hexagonal 

It is^CTv sohiblf ?■ “ monohydrate, 

is very soluble in ac^s, and reacts m the same way as uranic m-id 

incr^n or pyro-uranic acid, H.UoO,, corn'siiond- 

s 1881, 93,1’ 140. 

^ Mailhe, These, Toulouse, 1902 

0. de Conmek and Canao, BuU. Acad. roy. Bdg., 1901 n 321 
0 de Coninok, Gompt. rend., 1909, xaS 1462 ^ 

Mala^ti, PAm. P%s. 1843 m ’g ^g'„ 

10 f 1919, 23, Sli 

pare Thf WtfT ff" 

c^ef mmeral acids have bwn determined of solution of the hydrate in the 

de Porerand, Md., 1913, 15“ 19“ ^ loll ; see 

“ Lebeau, remd°T9f2*i^°^18(W®*^°‘^ monohydrate, above. 

/• uttig and von Sohroeder, Zeiisch. armg. CUm., 1922, 121, 243. 
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uranyl nitrate or chloride in the presence of sugar, Graham ^ obtained, 
in the cold, a deep orange-yellow coloured solution, from which all acid 
and alkali could be removed by dialysis. The solution contained 
hydrated uranic oxide, and showed considerable stability. It coagu- 
lated, however, on the addition of an electrolyte. Szilard ^ prepared 
a similar solution by gradually adding uranic acid to a hot dilute solu- 
tion of uranyl nitrate until the former is no longer dissolved. The 
resulting solution contained a little uranyl nitrate, but was very stable. 
Colloidal uranic acid may also be obtained ^ by |)recipitating all the 
chlorine from an aqueous solution of uranyl chloride trihydrate (see 
p. 297) by means of silver oxide, and dialysing after filtration. 

It has been observed that colloidal uranic hydroxide, in very dilute 
solution, acts as a poAverful catalyst in the synthesis of formaldehyde 
when an aqueous solution of carbon dioxide is exposed to direct sunlight. 

Salts of Uranic Acid. 

Uranic acid, UO.j.IIqO, is a dibasic acid, and yields salts of the type 

As in the case of the corresponding acids of the other ele- 
ments of the group, in addition to the normal salts, other types, richer 
in acid content, also exist. For example, salts of the alkali metals of 
types Il'aO.a’UOjj, wlicre a: may be I, 2, 3, 4, 5, or 6, are known. The 
acids corresponding to such derivatives have not been isolated. The 
most important salts are the diuranates, from the hypothetical diuranic 
or pyro-uranic acid, II 2 U 2 O 7 , which are usually precipitated when 
metallic oxides, liydroxides, or carbonates are added to solutions of 
uranyl salts. The normal uranates are generally obtained by fusion. 
They are yellow in colour, insoluble in water, but soluble In acids. 
SaJts containing the more electro-iiositive metals only have lieen 
prepared. 

Ammonium Diuranate, (NH 4 ) 2 U 207 , is obtained as a yellow 
voluminous precipitate wlicn solutions of uranyl salts are treated with 
ammonia. It is |)re|)ared commercially (see p. 277) by boiling a solu- 
tion of sodium uranyl carbonate with ammonium sulphate,^ or by 
boiling a solution of sodium diuranate with concentrated ammonium 
chloricie solution. It is a dee]) yellow powder, which, may be dried at 
lOO*^ C. ; at higher temperatures it yields urano-uranic oxide. When 
fused witli ammeinium chloride, uranous oxide is formed. It is known 
commercially as ‘‘ uranium yellow’’ (see also sodium diuranate) and 
is used in making fluorescent “ uranium glass.” It is insoluble in 
ammonium hydroxide solution, and this fact is sometimes made use of 
(see p. 338) in the analytical separation of uranium. 

Ammonium Hexa-uranate, (NH4)2U(jOi9.10H2O, separates as a 
yellow microcrystalline powder when an aqueous solution of ammonium 
uranyl acetate is boiled for a considerable time.^ The compound 
decomposes on heating, yielding ammonia and the green oxide. 

Hydroxylamine Uranate.—When an aqueous solution of uranyl 

^ Gi'aham, Phil Tnms., 1861, 151, i, 183 ; JaJmshtr., 1861, p. 63. 

Szilard, J, Ohmi. phys., 1907, 5, 488, 636. 

^ Mylius and Bietz, Bar., 1901, 34, 2774. 

^ Moore and Webster, Proc. Hoy. JSoc., 1913, B, 87, 163. 

® See also Stolba, Zeitsch. anal Chem., 1864, 3, 74. 

® Zelienter, Monatsh., 1900, 21, 235. 
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trSed and hydroxylamine hydrochloride (10 grams) is 

diuranate first fn ^ solution, the ammonium 

aiuranate first formed redissolves, and a canary -yellow crystalline 

to trtlsT'Tf <™.OH),UO..pH. is ofili 

beo'in^ to Inc*-’ This compound is stable at ordinary temperatures, 
to^T 9 n°T'°"'f heated above 70 ° C., and if heated cau- 

ii contact tvfth showed to remain 

it vi?ds \T.H? it treated with hot water, 

Lls^firmi^tr^ (NH30H),U0,.H,0. The latter i^ 

o formed when the ammomo compound is heated at 100 ° C with 

f^TheA'frcsn'^^ molecules), excess being avoided ; 

hen freshly precipitated alkali diuranates are acted upon by 
hydroxylamine hydrochloride. 2 P 

Hydroxylamine uranate forms well-defined yellowish-o-reen crystals 

S™ atsTdutS'' “a “<i 

and Voo-d? nfi-rn ^ uranic acid containing, according to Kohlschiitter 
1 ^^trogen and nitrous oxide in solution, these o^ases escanino- 

“ *'"*« “I*- Fried^rm h““ever! 

S’UbfaCsts that the residue consists of uranic acid and what may be 

tSiiT,it? uranate, U02(NH30)30, which on 

reatin^ ^'ith acid yields ammonia, nitrogen, and nitrous oxide.® The 
uraMte readily reduces Fehling’s solution. 

^ol S^clf- " ‘^--ticVotash sltio^ iridSrtra 

solution containing uranyl nitrate and hydroxylamine hydrochloride 
until the precipitate first formed is redissolved. Reddish-yellow cubic 
crj^stals separate slowly from the liquid. The correspondino' sodium 

crystals, while the mother-liquor, on further concentration, deposits 
orai^e-red prisms of the salt, (NH30Na)2U0,.6H20. deposits 

chloride'“a^d Y,r«n i together barium 

chloriS and solutions of barium 

rea?t on in tbrSr and passing m excess of ammonia.® The 

reaction in the latter ease proceeds according to the equation : 

UO2CI2 + BaClj -f 4NH3 - 1 - 2H2O = BaUO^ -f- 4NH4CI . 

It yields yellow glistening crystals, insoluble in water, but readily 
soluble in dilute hydrochloric acid. mauiiy 

Barium Diuranate, BaUgO,, is obtained by heating barium uranyl 
together the green oxide and barium chloratl 
It IS obtained in a hydrated condition when ammonia is added to 
inixed solutions of barium chloride and uranyl nitrate, or when excess 

^ Hofmann, Zeitsch. anorg. Chem., 1897, 15, 75 
^ Kohlschutter and Vogdt, Ber., 1905, 38, 1419. 

38, 2 Kohlsohutter and Vogdt,p6id.,p905, 

^ Kohlsciiutter and Hofmann, Annalen, 1899 qo7 314 
® Hitte, Compt. rerid.,. 1882, 95, 988. " 

® 0. de Coninck, Bull. Acad. roy. Bela., 1909 n 835 
’ Wertheim, Ann. CUm. PJiys.Uul [3], ii, 4b 
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Calcium Urauate, GaUO.j, and ealeiuni diuranate, CaU207, are 
similar to the eorresj)on(lin<^ barium salts and may l)e prepared by 
similar methods. Tlie diuranale is highly refractory and does not 
fust* at red luait. 

Iron Uranate, Arl'vedson ^ heated in hydrogen the preei{)itate 
oldained 1)V f)a.ssing ammonia, into a. solution containing ferrie and 
uranyl satis, and ohiaimai a. product which he cadled iron uranate. It 
jip|)(‘a.rs, howcn (‘i% to h(‘ a, mixturt‘ of the oxidi's ol' iron and ura,nium. 

Lithium Uranate, LioUO.j, is o})tained l)y fusing togetlier lithium 
chloride and urano-ura.nie oxidta- It is k\ss sta,l)le towards water than 
tlit^ otlna* alkali uranat(\s. 

Magnesium Uranate, MgUO.,,and inagnesium diu:ra,nate, MglJo07, 
may Ix' ol)tained l)y the nadhods d(‘s(‘ril)ed for tlu‘ t)arium salts. Tlic 
diura nai y itdds yel lowish-gnam n(‘(‘die“sha[)ed crystals. 

Flic neodymium sa.lt, N(io(U.j()n,);,.!<sn20, is formed a,s a yellow 
(aysialiiiu' powder wlien lunxlymium hydroxide is heated with a solution 
of uranyl acetate on a. wa.t('r"I)ath. IVaseodymium hydroxides behaves 
in tlu‘ same wa,y.‘^ 

Potassium Uranate, KoUO.j, is Ibrnual by fusing tog(‘thei* |)otas- 
sium ehlorid<‘ and uratucuranics oxidex- If th(‘ ojxnxition is p(‘rformed 
in a. plalinum erueilihx tlie heat Ixdng applied from btdow, the uranate 
st‘paratc‘s as a. erystallitu^ (’rust at ih(‘ surlactx and can Ixs removed a.nd 
wasluxl IVe‘t‘ from j)ota.ssium chlorides by means of waieax It may also 
l)e obtaiiuxl l)y fusing a. mixture of uranyl jahosphate aiui pota.ssium 
sul|ahat<x‘^ or a. mixture' eonla.initig ura,nyi chlorielc ((> pa.rts), ammonium 
ehloriele' (Id parts), ami polassium eblorides (t parts);’'’ or by heating 
togetlier uranium trioxieh' and potassium edilorate.'^ After washing 
with waie'r, orange’-yedlow psemdoluvxagonaJ leallets remain. Tlie 
uranate dissolve's reauiily in iieids. It may be lu'ute'el to rexbu'ss without 
fusion. 

Potassium Diuranate, KuU.jjO,, is obtained in the anhyeire)us 
condition by luading polassium uranyl aexdute' or ea.rbonate' ; ^ e>r by 
1‘using te)g<‘th(‘r nrainum trioxide* and pota.ssium earbonate. It yiedels 
glist('ning eryslals, whiedi vary in exilour from yedlow 1o oraage-rexl 
according to I be nmele of pre'paration. The* /n/u/dm/e, Kj>Uo07.t3no0, 
is oblaiiK'il by elrying at lOO " V* the' yellow prex'ipita-le' I’ormed wlx'n 
excx'ss of polassium liydroxieie is a.ddexl to a, soluliou of a, uranyl sa.ll .^ 
According lo vSlolIm,^* if tlie* pre'edjiitate is allowexl lo dry in air at ordi- 
nary banpe'rature, the luwdhydnite, K2UuU7.dILO, is formed. 

Potassium Tetra-uranate, KoU40j:j.5i'LO, se'juirat.e's as a. yellow 
jxiwde'r on t‘\ aporaling a, solution e>f potassium ura-nyl a,e*eta.l('.^’^ 

Potassium Ilexa-uranate, KaU|i0ij).6H30, resulls e>n strongly 
heating a mixture of uranyl sul])hate and jiotassium ehloride ; by 

^ Arfvi'dsoii, Pog(}, AnnuUn^ IB24, I, 245. 

ly[iU\ lor. mi. 

=» ll/imn. ZviL, 1907 , 31, 1119 . 

^ ( {raudcfiu, Ann. Ohim, Phyn.^ 1886, [61, 8 , 233. 

Ziimu(‘rinaiin, Annalmit 1882, 213 , 290. 

P>riiutdi, Zritsrli, anory. Ohmn.i 1895, 10 , 246. 

^ \Vt‘rt.h(4iu, ./, prakt. Chmn.^ 1842, 29 , 207. 

« I’aU-ra., ibid., 1850 , SI, 125 . 

Stolha, ZriMu anal. (Jhem., 1864, 3 , 72. 

/adicnt(*r, Monakh.f 1900, 21 , 235. 

Drciudomum, ZdiacK tjc$. Naturnn, 18(31, I7» hit* 
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washing out the melt with boiling water, and drying the re.sidue in vacuo, 
a yellow crystalline powder is obtained. It io.ses all it.s water when’ 
heated to 300° C. The decahijdrate, KgUcOia.lOlI/), may he obtained 
by boiling a solution of potassium uranyl acetate.^*" 

Rubidium Uranate, RbgUO,,, is obtained bv i'nsion of rubidium 
chloride with the green oxide of uranium.^ 

Silver Diuranate, A§ 2 U 2 ^ 7 > separate.s a.s an oraiige-rc'd preei|)i- 
tate when freshly precipitated silver oxide is added t() .solution of 
uranyl nitrate.^ It is also formed by the action of iwtassium urauati* 
on lused silver nitrate. 

Sodium Uranate, Na^UO,, may be obtained in tl.e amorplmus 
torm by heating together urano-uranie oxide and sodium ehlorale - 
or by heating sodium uranyl acetate or carbonate.'* d’he cr\-stidlitu‘ 
forni IS produced by adding the green oxide in small (luantities to 
fused sodium chloride,- or by di.ssolving the amorj)hous form in fused 
aa ^ ch oride, and allowing crystallisation to taki* place.''- I[ yields 
reddish-yellow to greenish-yellow prisms or lealk-ts. d'lu; Ibllowim-' 
by Mxte formation of sodium uranate have been obtuinml 

tt]?® -f- 90 , 100 calories 

*lli6 ZC 7 dfiiwjjz yellow of commorop wJn'raU it- ^ i * < • • 

painting glaaa di porcelfr^nT ta J . h ,, T.i "!"!■ 

ammonium diuranate), is obtained in two c mrs ■ w vf r'' 
decomposing the solution of sodium uranvl e X nm 

uranyl sulphate *^id*sndiiim^.^oride ^^md*u ^*1 |ua[iiifr lo-.<t(ier 

water 9 (see potassium with 

yellow, rhombic crystals, of density 6-9 insol Tf >'<»'«. gohkm- 
in dilute acids. aensity 6-9, insoluble in water, but soluble 

Sodium Penta-uranate Na TT r» ctr n 

,7, g „ ’ is obtained as an 

2 1900, 21, 235. 

Uitte, Cortypt. rend,., 1882, 05, 988. 

Guyard, iSoc. cAm., 1864 t fio o i ai-i 
13b 135. ’ ®®®'*lsoAlibegoff,utMw„fe,,, 1882,233 10.1 

* Wertheim, J. prakt. Ohem., 1842, 29, 207 

i*», 3Yr,s-: 

^ Sitzungsber. K. Akad. Wiss. Wien iR/vi rr oao , ’ ’ 

Brenckmann, Zeitsch, 'ges. Natum.', S’ 1^134.'’ P- 740. 
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orange - yellow powder on l)oiling a solution of sodium iiranyl 
a(‘eiM'te. 

Sti'oiitiiim IJraiiate, SrUO.^, and strontium diuranate, SrU 207 , 
arc .similar in pr{>|>(*rl ii\s and arc^ })repaTcd by similar metliocls to tiie 
corresponding l>arium and calcium salts. 

Zinc IJraiiate, ZnlJO.i, is d(‘[)osited, according to Wertheim/*^ on 
a sluH't of zinc pl;i(*cd in a, solution of uraiiyi nitrate ; or it ma.y be 
precipitated from a. solution of zinc uranyl acetate t)y tlie addition of 
baryta water. It is an amorphous yc^llow po^vdcr, insolul)le in water. 

ItmaiHANio Acio and Pkruranatks. 

The (^xisttvnc(‘ of uranium tetroxidts or uranium peroxide, IJO.i, in 
tlu‘ anhydrous condition, has not beim estal)lished,*^ althougli P'airley 
clainual to haAx^ obtaineci it as a. luxivy crystalline t)r(‘cit)itate by adding 
liydrogxm p(‘roxi(h‘ to a, solution of uranyl nitrate in t>resence of a large 
cx(‘ess oi’ sulphuri(* add, a.nd allowing tlu^ mixture to stand for a few 
days. The produ<*t, wlum <*arefully drical, did not lose moisture on 
lu'aling. It d(‘<‘olorised potassium permanganate solution on vvaimiing, 
and wIk'U heat cal wit h hydrochloric acid, lilK^ratc'd chlorine. 

The hydrate, peniranic acid, is obtaiiu;d‘^ as aycllowish- 

whitc^ [)rt‘eipitai(‘ by tlu‘ addition of dihite hydrogeii peroxide to a 
solution of uranyl nitrate or a(‘eta,tt‘, excess of the uranyl salt l)eing 
allowc'd to ixnuain unaet(‘d upon. Tlu^ pnalpitate may be dried at 
100“ (‘. without loss of oxygxMU*'' Tlie precit>itation has been investi- 
gated l)y Mazzmalidli,^^ It is hindered by the |)resenee of chlorides, 
sulj>liates, a,c('ta,tt‘s, oxalat(‘s, or tartrates, owing to tlu^ tendemey to 
form soluble compkxx(‘s. In |)resence of alkali or alkaline eartli nietals 
no prt‘cit)itation occurs owing to tlu^ formation of soluble t>erura, nates. 
The t>i‘t‘<‘it>ib^lt‘ ^’ery slightly solubh^ in watm' a, ml in a solution of 
ammonium <*hlorid<‘. In tlu^ fornuu' the solul)ility, ext)ressed in grams 
oi‘ U();j p(‘r litn^ of solution, is 0-0()(il a,t 20“ V. and ()-()()8l at 00'* C. 
Wlum strongly ignittul, th(‘ hydrate Ios(\s water and oxygen, leading a 
r(‘si<lu(‘ of urano-ura,nie oxickx It decoloris(‘S j)erniangaiiatc in dilute 
sul]>huric acid solution, the ratio of active oxygen to ura,nium being 1 : 

Perurauates of ih(‘ alkali metals are obtained l)y acting on alkaline 
solutions of uranyl nitrate with hydrogen |)eroxide, Tluy aix^ solulde 
in water, l)ut may priHd|)itatcHl l)y the a.ddition of alcohol. Corre- 
spondiug pc‘rura.nalt‘s of tlie iu‘avica» metals may be o!)tained l}y doul)le 
dcu'omposil ion with s(tutions of the sodium salt. 

The const it ul ion of peruranie acid and of the })eruranat.es is not yet 
e(>m])lel(ly uncku'stood. FairleyA from a study oi the d(U!()mj)osition 
of the a(‘*id by means of alkalies, suggested the formula (UO-J^UO^,. 
It was sliown, lunvanaa*, l)y Melikoff and Pissarjewsky that, by rneans 

1 ZiihciiU'r, lar. r.U. ^ Wortheim, toe. cit. 

S (‘0 AUbtgolT, AuntUrn, 233 , 117; Hiittig and von Schroeder, Zeitneh, anorg. 
ChvDK, 1022 , 1 21 , 243 . 

Kairloy, Trans, (givni. Noe., 1877,31, 127. 

^ S(‘e- also AUl)(‘goa, loc, cit. ; lAmnvjewBky, ZeiUch. anorg. Climn., 1900, 24 , 108. CJ- 
0. d(^ (N)uinrk, IPulL Acad. rag. lichj., 1900, p. 692. 

« Ma'/.zucolutli, Atti U. Accad. Umd, 1006, [5], 15 , ii., 429, 494. 

’’ S( 5 o Bnuu-.k, Zvitsch. anorg. Ohem,, 1805, 10 , 246. 

^ id.s.sarjcwski, toe. cit. 

McUkoir and pisHurji'.w.sky, Her., 1807, 30 , 2002. 
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of aluminium hydroxide, the alkaJi peruranates could be quantitatively 
resolved into the alkali peroxides and uranium tetroxide. This reaction 
is more in accordance with the constitution, for example, for the sodium 
salt, (Na 202 ) 2 U 04 . Moreover, carbon dioxide, which has no action on 
uranic acid, converts insoluble peruranates into metallic hydrogen 
carbonates, hjMrogen peroxide, and free peruranic acid, again su import- 
ing the formula The action of alkali on the peracid, 

the latter being partially reduced to uranium trioxide, whilst the alkali 
peroxide is formed, is also in agreement with such formulation These 
considerations lead to the suggestion that the tetroxide is a peroxide of 
the hydrogen peroxide type, probably 


O 

O 



0 

I 

o 


nrnhphf peruranates, instead of being salts of a peruranic acid, 
pCTo.xides i^ ^ additive compounds of the tetroxide with metallic 

be JtbSd “‘‘I •"« 


U03.H20 + H202 = U04.2H2 


T, .b' the precipitate of the dihydrate at ordinary tenineratoroc 

compouiM’ Hatbf aTd von"" f f that this is a definite chemii 

hygrosco^c trihlLte UO SH 0° wh h \ t yellow 

before all the 'Star L eSelle?^ 

trioxide, not the tetroxide By meaS o1 the HhtZ?'’ 

these investigators also i-* ^ ™ tensi-eudionieter 

CO '»■>« hydrate. : 

Ammonium Peruranate, (NH 1 O iTIO i sh t • 

the action of hydrogen peroxide and excp«i f is obtained by 

uranyl nitrate ; on the addition of « h? n ammonia on a solution of 
yellow crystalline precipitate. separates as an orange- 

decomposition ^of'thT sodium ?a!? wiS^bSm Y 

I^a02.(U0X9H20'* is'^ ol- 

yellow flocculent precipitate. peruranate solutions 

similar wa™ to^he'!;orrespond^ina obtained 

Copper PeruraS 

Lead Peruranate, (PbOL.Uo 4-PbO Tin 

»ttt ''-'"p-assr id Si 

^ie« the„ i. no peroi^JIlScT.^ 


as a 


in a 
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Lithium Peruranate, Li20a.(U04)2.8H20, is obtained by treating 
a solution of uranyl nitrate with lithium hydroxide and hydrogen 
peroxide, and then precipitating with alcohol. It yields minute, 
pale yellow crystals. An unstable compound, (Li202)2U04, has also 
been obtained. 

Nickel Peruranate, (Ni 0)2*1104, resembles the lead compound, 
and is precipitated when nickel sulphate is added to a solution of the 
sodium salt. 

Potassium Peruranate, {K202)2.U04, is obtained by adding 
hydrogen peroxide to a solution of uranic acid or peruranic acid in 
aqueous caustic potash, and precipitating by means of alcohol. The 
salt is less stable than the corresiDonding sodium compound.^ Red 
peruranates of composition KgUOg and K2UO5.3H2O have been 
described.^ 

Sodium Peruranates.— The compound (Na202)2.U04.8H20 is 
prepared in the same way as the potassium salt. It gradually separates 
from the concentrated solution without the addition of alcohol, and 
forms yellow needle-shaped crystals. If only a small quantity of the 
alkali is present, the addition of alcohol first precipitates a deep red 
oil which gradually becomes crystalline and has the composition 
NagOg. (1104)2.61120. The solution of sodium peruranate gradually 
undergoes decomposition, hydrogen peroxide being liberated.^ like 
most peruranates, it yields ozonised oxygen when treated with con- 
centrated sulphuric acid. The following thermal value for the reaction 
has been given : ^ 

(Na202)2.U04+3H2S04=2Na2S04-fU02S04+3H20+03 

+ 36,500 calories. 

A salt of composition, Na2U05.5H20, has been prepared.® 

Complex derivatives of uranium tetroxide with salts of both inorganic 
and organic acids have been described.® When a solution containing 
equivalent quantities of sodium pyrophosphate and sodium uranyl 
pyrophosphate is treated with hydrogen peroxide the compound 
Na4P207.(U04)2.18H20 is obtained ; similarly a solution of ammonium 
uranyl carbonate yields the compound (NH4)2C03.U04.2H20. 

A per oxy fluoride, 3(U04.KF).U03F2.KF.4H20, has also been 
obtained (see p. 293 ). 


Uranium and Sulphur. 

Three well-defined sulphides of uranium are known : 

Uranium Monosulphide, US, is a black amorphous powder 
obtained by heating the sesqiiisulphide in hydrogen.'^ 

Uranium Sesquisulphide, U2S3, is obtained in greyish-black 
needle-shaped crystals when uranium tribromide is heated in hydrogen 

^ Cf. Abegg-Auerbach, Handbuch der aTiorganischen Chtmie, Leipzig, 1921, IV., 1, ii., 
964, 

2 0. de Coninck, Qom-pt. rend., 1909, 148, 1769 ; Aloy, Bull. 80 c. cUm., 1902, [3], 27, 
734 ; 1903, [3], 29, 292. 

® Pissarjewsky, J. Russ. Phys. Chem. 80 c., 1902, 34, 472. 

^ Pissarjewsky, ZeitscTi. anorg. Chem., 1900, 24, 101. 

^ Aloy, loc. cit, 

® Mazzucchelli and Bimbi, Atti R. Accad. Lincei, 1907, [5], 16, ii., 576. 

’ Alibegoff, Annalen, 1886, 233, 131, 135. 
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sulphide until evolution of hydrogen bromide ceases.^ It is readily 
oxidised in air, but is resistant to dilute acids. Concentrated nitric 
acid reacts violently, causing deflagration. 

Uranium Disulphide, Uranous Sulphide, USa, is formed when 
metallic uranium is heated in sulphur vapour at 500 ° C. ,• at higher 
temperatures the uranium burns, yielding the same j^roduct. It is 
also produced when uranous chloride is heated to redness in a current 
of hydrogen sulphide ; ^ or better, by heating the less volatile double 
chloride, NaaUCls, in carefully dried hydrogen sulphide,® or liydroo'en 
laden with sulphur vapour, the disulphide being separated from sodium 
chloride by rapidly washing the product in cold boiled water ; or the 
sodium uranium chloride may be fused with certain sulphides pre- 
ferably stannous suljihide, but those of sodium, aluminium, magnesium 
or antimony may be used, in a slow stream of dry hydro"en. If 

excluded in these operations some uranvl 
sulphide IS formed. ‘j* 


Uranium disulphide obtained irom uranous ciiloride is a fj-revisli- 
black amorphous powder. As prepared by Colani from the double 
cUoride, it yields black to iron-grey lustrous crystals belonging to the 
tetragonal system, a : c = l ; 0 - 6152 . It may be heated to 1000 ° C. 
without decomposition or fusion. It oxidises in air to uranyl sulnhidc 
and deflagrates at higher temperatures. It is decomposed by steam -it 
red heat. It is fairly stable towards cold water, but is rapidly decom- 

Klnyl ilphate!"^"’ reacting very violently with formation 

A hydrated uranium disulphide is obtained as a black nrecinit-ite 

a stream of hydrogen sulphide or carbon disulphide vapour • Avhcn o, c 

posed - loccu- 

sulphide to an alw^olic’ soIuUon'of a ^ding ammoiiiinti 

aA alcohol and d°yLg to a °«„“n S'ee'Jf ?'"« t**' P'“ipi‘*to 

solutions yields a brown amorphous hydrated frirn ^ aqueous 

dilute acids, including acetic acid nnH ai * • ^ ’ which is soluble in 

Complete precipitation is fbfaSonfo StV carbonate.® 

mixture containing a slight excess of Imml, ■ warming of the 

tate then becomes olive green ervstaC.^^ !^ the precipi- 

but it consists largely of hydrked easily filtered, 

hydrolytic decomposition by the^ warm waW ^ sulphur, due to 
obtained as black, tetrao-onal needle <sh Uranyl sulphide is 

pure dry potasaton, ^oc^nate S 

^ ^ parts), urano-uranic oxide (S 

I Alibegoff, Annalen, 1886 , 233 131 135 

Rose. Gilben^s Annalen 1907, [8], m, 59^' 

ttemele, Oompi. rered, 1864 p 1861, p 260 

a..-.. .M 5 . ■= 4 , . 26 ?- Sat. 
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parts), and flowers of sulphur (5 parts ).^ It rapidly decomposes on 
heating, leaving a residue of the green oxide. 

If iiranyl sulphide, freshly precipitated from aqueous solution, is 
digested for two days with excess of ammonium sulphide, the mixture 
being in contact witli air, a deep red solid of complex composition, and 
known as uraniimn red is produced.^ It has been shown by Kohl- 
schutter ^ that a series of similar red compounds may be obtained by 
reducing solutions of alkali uranates, containing excess of uranyl sulphate 
or nitrate and a little free alkali, by means of hydrogen sulphide ; in 
each case an orange-yellow compound is first produced, which on 
treatment with alkali yields a blood-red uranium red. This is decom- 
posed by acids, with liberation of hydrogen sulphide and sulphur. 
The composition of the orange-yellow substance appears to be 5UO3. 
2K2O.II2S2, while that of the potassium uranium-red corresponds to 
5UO3.2K2O.HKS2. Thus all the uranium is in the hexavalent condi- 
tion, and from a study of the two compounds on decomposition, Kohl- 
schlitter suggests the following constitutional fbrmulaj : 

HO\ HO\ 

J>U^(0.U02.0R), )>U^(0.U02.0R),. 

llo — o RS — S 

1. Orange-red parent compound. 2. Uranium red. 

Uranium Sulphite. — The existence of normal uranous sulphite 
has not been established. The addition of a saturated solution of an 
alkali sulphite to uranous chloride solution precipitates a greyish-green 
basic sulphite of composition U0.S03.2H20.^ When solutions of 
uranyl salts are treated with sodium bisulphite, a reddish-brown pre- 
cipitate is produced which dissolves in excess of the reagent ; by boiling 
such solutions the above basic sulphite is again precipitated.^ It is 
insoluble in water, but dissolves in a solution of sulphurous acid. 

Uranyl Sulphite. — The addition of ammonium sulphite to a solu- 
tion of uranyl nitrate yields a yellow flocculent precipitate to which 
Muspratt ^ gave the formula UOgSOg.SHgO. It contains, however, 
some ammonium uranate."^ A crystalline hydrate, UO2SO3.4H2O, is 
obtained by evaporating a solution of uranic acid in aqueous sulphurous 
acid, or by passing sulphur dioxide into an aqueous solution of uranyl 
nitrate or acetate.^ It separates in pale green needles, which are 
insoluble in water but dissolve in aqueous or alcoholic sulphurous 
acid. When heated to 105° C. it loses seven-eighths of its water. This 
fact led Kohlschiitter ^ to suggest that it was a complex uranyl com- 
pound of composition 0(U02.S03H)2.7H20, but this view is not borne 
out by conductivity measurements.® 

^ Milbauer, Zeitsch. anorg. Chem., 1904, 42, 448. 

^ Patera, J. prakt, Chem., 1850, [1], 51, 122; Remele, Ann. Thys. Chem., 1864, [2], 
124, 114; 1865, 125, 209; Pogg. Annalen, 1865, 124, 158; Hermann, Jahresber., 1861, 
p. 14 ; Zimmermann, loc. cit. 

^ Kohlschiitter, Annalen, 1901, 314, 311. For similar compounds with hydrazine, 
see Salvadori, Atti B. Accad. Lincei, 1912, [5], 21, ii., 455. 

^ Rohrig, J. prakt Chem., 1888, 37, 239; Rammelsberg, Pogg. Annalen, 1842, 55, 
318 ; 56, 125 ; 1843, 59, 1 ; Ber., 1872, 5, 1003. 

® Brunck, Annalen, 1904, 336, 281. 

® Muspratt, ibid., 1860, 50, 259. 

^ Remele, JPogg. Annalen, 1865, 125, 238. 

® Girard, Oompt rend., 1852, 34, 22. 

® Ley, Ber., 1900, 33, 2658 ; Bruner, Zeitsch. Chem. Phys. Math., 1900, 32, 133. 
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Comply Uranyl Sulphites.~By the addition of nolas.siuni 
bisulphite to a solution of uranyl sulphite in excess of aciiieous .sid- 
a yellowish-green precipitate of composition K..0.2U0... 
™Htv /“i u the uranyl sulphite is treated ivith a limited 
accord S^^hfen-yellow crystals separatiu \i'liieh, 
to Ivohlschutter, may be formulated 4UO.j..|.S()...1 1 II..O, 
wiiilst the potassium uranyl salt when treated in the saine wa“v ^•ie^d.s 

uranv/?ulXte^?H’ treatment w-ith wafer, yields 
lirdii}! sulpliite and the complex sulphite KoO STTO ‘>SO 

have b‘'S'’pepS'“°” of the abo,'e levs 

haveXTiend^cribS?™ oompoaiHo.i 1),0.1I<X, -SO, 

Ura„i„m“ sX£k uXllT 'ST"*!?. h -I"™"'—.!. 

sulphate has not been p^nared hnt '-y^iwins uranous 

of hydrates is known ^ S^Hs “ extraordinarily large number 

molecules of water have been dccc^m^n"? h'> <«i<l ') 

octa-, and nona-hjSes the di-, tetra-, 

hydrates to one another is difficult to dot relation of tlie.se 

hydrolysis to a considerable Stent Vbo they umlergu 

and octa-hydrates, at least sliSr^ ? T “ solution, and tlu- tefrn- 
metastable condition at tJmperateresTr to remain in a 

point between the two phases Sofobibtv d"?®''®^ tran.sil ion- 

this transition-point is m the neio-bbm determinations indicate t hat 

shown that the^ctahvdmte wSSfc^ of 20° C., but it has been 

the tetrahydrates at“68° to sr C Sf m absence of air elianges info 

state of nietastableequilibrffim hydrates in a 

The tetra-, orta an? no Phases. 

•hv ”o‘ 

3 .. . 

ft%.. 1901, p, 48^ * S.I* 1902 Qfit , 

lWd,35,ii jio ^^^schiitter, <^6 Coninok f 

, ■: olsiKr «‘5 

Ccrunck A«g. The approximate value at 11° t loo^d . 

«. 4.. is!u _ .AW. 1889, IS, 640: IT.-inw_. , .. 

^ Amer. 

Bull, 
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Uranovis sulpluit(% even in acid solutions, is a s1:roi)<4' nrducinjui* 
aE'ent aiid can ])r(‘(‘i[)itat.e silver aiid ^a)ld froni solutions of their suits. 
Tlie sulpluitc' is r<‘adily oxidistal in solution l)y atinosplu^ric ox^'^Ji'en. 
lioth these rcsKiions ar(‘ a(‘e(ierated by th(‘ [U‘(‘S(‘ne(i ot ciitalysts, 
es})eeially (*0|)p(‘r salts, a,nd in Icnss de^i^rec })la;tinuni black or tra('t\s of 
iron salts. 



Fia. 7.— Solubility of tbo ttstra- and oota-hydratea of iiranous aulpbato. 

The hydrates are usually prepared by reduction of iiranyl sulphate 
by means of alcohol and exposure to light, or directly from uranous 
cornpounds. 

The (Uhydnite, U(S 04 ) 2 . 2 H 20 , crystallises in grey needles from a 
solution of uranous oxalate containing concentrated sulphuric acicl.^ 

1 Luther and Miohie, Zeitsch. MeJctrochem.i 1909, I5» L 

2 Kohlschtttter, JBer,, 1901, 34 , 3619. 
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TIU' I.. |.r. .! i, 

tirano-uranic oxide in euiuTidratt-d !,• ,i. i.| ,.ddin ■ J t 

evaporalinff liu- soliilion hi ■,wii,i ; or l.'v » ,, 

sulj)ha.l(' containinoalcoiKii to dircef snnii dil , > (;a.h)!i i./f In'.'.* 

the latter method, I'oimd that liy \afvm"' (hr eom., i,’'*', a i 

.sulphate ;uid iileohol if w.-is possible to -et -.om, tun, , ji,. , . ‘ '‘"^1 

and sometime, s the mtahvdrate. JC sodt.ii.i iHpo.nhdm, 

uranyl .stdpimfe mdii a preeipduf. I, . ‘on. t, t ’ 
adddion ot alcohol to the sohtlion pn eipitati . a iiiisfm. ’ " 

am uranyl sulphates, from «hielj (he hitter m.ii !.,■ r. m,.ie!| In 
wd i aqueous aleohol. <)„ dissolvin.,. (he r, s.due m dihif. ..! 1 n ' i' 
and eva,poratm^r at low temperat tire, eiasfah, of (he i.ir JI a - t . 
ohtaiiu'd.' A lurther method eoiisists m (l•|(l(r•tlm■• oi-., ' ' i'*'" 

wdh eonmit rated .snlphurie aeitl and potinte,- Ih.’ no vl'iurT'it!" T't''']'' 
t>n‘Uipda,te, after washino vvitf, tdeohol and ,t(,er n, o f' .t 
liscdh’oni dduU' sniphurit* ari(f ‘ 

The ery.stals ohfainei! in (hese tirrnarafioiis .nv „• t 
iHpyranuds.r-.siahle in the air. Hiev !i,si.h <• m h d. • t” 

solution, which, however, so.m i-oes’turhid tmmo '(. 1 ' 

basic sulphate. ■> nn m,i o«ne.; C (la ■„ p.tr.timu of 

The or/iiliiiilnttr, nt.SO, )..,,sn.,( J ir oh(.io..-.t i . 
solution ol ura.nyl .sulphate eoidainitto 'ileohol >oH*"*'l"f '' 

It ma.y conveuieutlv he f.reriareed v m, . -■ll'bur.e and,* 

.-.H'entrated s.ilpimrie ae.!;!' uarn^^^^.e 'V': 

lor two or three hours. 'I'he nrodnet is (t, . i '' 

sulphuric acid, u.ul the nmnm s s h. , ‘'< d m wn dilute 

alcohol. This is (hdivdratnl at ■ ‘‘jt' P"’'!'‘''itrd hv mnms of 

and the solution alloweil Vo erv; h s,'.’ i VV 

.sulphuric acid. < h' '''••Ills, at ..rdmiiry temper, dure over 

ac’S 

dissolves, al)()iil', 25 r>(*r <'<‘id roni-didr '**^'*^ mita m|’ p 

uo.so,..ii,oe wi/i, 1, . 11 tti.Vii, 

of tlie .normal salt is olitained T\i * * I* ‘***^^**^^* ^ sHlofam 

hydroly.sed depends uiioii thetemo r.'i* ' 'i"i ** 'be snip!, , dr is 
stable hetweei iVVu'kI ,,,5 '. '"f 'be -bd.oie. h. r 'hdueU 

acid (hs.solvcs it without livilroIvsiinVd *'* 'iv i '•"ll-bune 

air, the oct;ahy(lrat<‘ ehamm; (o h, tmr i ' "I' 

and Incomes anhydrous '■'at ;{o(, (! and sT f. 

decompose, ami at higher lenmendm; *' be.me. to 

finally the «rccu o.vido. Fimm ,, r ’-'dhiuife nml 

bon of the octahydrate when Icm oV .f '7''/*' ’'''' '‘-Iivdn, 

Bucei tormiilatc the evisfmiee of ft. , V* ‘''didinrie and. (holdti and 

Itic nona- or ennca-Jii/dratf U(HO V ntt #v ■ . 
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sulphate, ami dissoU in;*' thu pna-ipilaic in dilute* sulphnrie* acid. After 
ivpreeipit at i< ui with ahshu>l, it is rt*dissol veal in llu* lt‘ast possible <inan- 
tit\ tt{ <lilufr sulphuric at'id, and flu* solution allovvi'd to (*rvsta,!lise‘ over 
sulphtiric acitld It crNslatiises in urea*n nion{K*linie |)risrns isoniorplious 
with the etu’rcsp»)!idiu<»' t loritnii salt , 

a : I> : c* h-atmt : I : h-daaa. /3 .'OT’" 41)h- 

d’lic salt cllltin'sci's, losinix one nadet’uh* of water. It cra.duatly loses the 
rcniaiudcr t»f its \vatt*r on heat in aod at ri*d head deeomposeas, leavin|jf 
a resi<iue of urauo air.ani<* oxide. 

I ranous sulphah' forms e/<n/We salts with the* su!|>lmie‘s of the^ aJkali 
nutais. The salts, K,r(S< ) mni (N !1 

h(’en prepaiaMl,-* tiu* foruua' eavstallisiny’ in c’lisle‘ninm‘ jLt'ree'u [)lat(*s, the 
latter in deep tpasai, Mlistenin,t( pyramids, llerth eleeom{)ose‘ in eold 
water with separation of i>asie sul|)iuttt*, 

ti'iti amtitais siiljihatas teaae* lua'n eie‘S(*rilH‘(h 
r(SOd;..n;iS< ,(),•* and 'ilie* latie*!’, W'hi(*h s(‘parat(‘s 

in dark brown hsatk'ts wh<‘n a, solution of uranium t rieliloride* is a, (ideal 
to eoneeid ratesl sulphuric a<’id at 0 ‘ (k. may contain trix'aleait uraaiium. 

Uranium Dit liioiuites. By the addition of sodiuni ditliionatet to 
solid ions <}f uranous c‘hh»ride t he* followinjj^ l>asie salt s luive^ beam ob- 

tiiiiunl : * Tr()...SA),,.8UJ) ; (dd(U.SAh,. IdlLO ; SlK VSAV2I ILO. 

Uranyl Sulphate, UO^SOi/ is" obtain<*d as amlier-yellow non- 
duoreseent e-rystals wiien nraipvl hyelroxide* is elissolved in eom'(‘ntra.ttai 
suipburie* aead ami tlu' sohdi(»*n is’evapeirateal ; ^ or wh(*n <*ither of its 
hyeirates is h(*at(*el (<» nuo ' (k The trihifttrafr, liO^SO.i, 31120, erystaJlise*s 
from a solid ion of uranyl hyelroxiele* in dilute* suipburie* acid ; or it may 
he* oiitahu'd hy dissohiUjUf urano-uratde* oxides in (•onc*cntr{d:<*d sul|)iniric 
a<*id, dihdiue the* solution, a-nd hoiline* with nitrie a,(*id in orde'r to 
(ixidist* the* uranous salt pre‘sent. ; e>r hy tritMradin<( })otassium Iiydrog'en 
sulphate* with uranyl liydroxide'd* iakin^jf up witli w*a,t(*r, and eoneen- 
tratine Hu* solution. It forms ye*ll<)wish-^m*eaj prisma, ticj eaystals, 
w hieh und<‘r t he* mieroseopc show a, ia'a-idJlul llnore'seeneen They ha,vc 
de*nsity at lena (k In the* air the* <*rystals slowly (‘tllore^seej ; 

on he'atiny th<*y lose* meire* wate*r, and at llfU Ck yield tlie monohydraten 
This hydrate, in moist air, taJ<e‘s up w*at<‘r a.t,uun a.nd redbrms tlie tri- 
ll vdrale*d“ 

Uranyl sulphate* is reaidily soluble in wa.ter, l)vrt a(aairat(psohd>0 
dt‘terminat ions lune* not Iieen nuiele. A(*eordin.^^ to O. de Coninek,^’^ 
the* Irihydrate* dissolve's in aliout tw(‘nty time's its weight of water at 

^ VVyrnthmil', Ittr. rii, ; «<*(* idse H.iuimi(‘lHb(‘rg, tknftj, Annaltw., 1842,55, !M 8 ; 56 , 12.5 ; 
18 1 a. 59 , 1 ; //rr., IS72. 5 , 1003. 

« K.'uuiurlslH'ic, ISHO, 19 , 003; /mtMh. Kn/d, l/m., 1889, 15 , (140. 

■'» Ktjhl.u-lnjttrr, /57*., 1901, 34 , 3(119; cf, Ramtne‘lHb(‘rg, lac. cit, 

^ KijhtHchtU t «T, (or. rtt. 

^ ebolitU iiuO lor. rtt. 

nnNi'iOifiu! aiiO Loeix*), Zrit.srk.uwmj, eVeew., 1908, 57 * 

* t'/n'ui. Ztrntr., USSS, p. 215; Awiulwi^ 1B88, 246 , 179, 284. 

SrhitH/ Srlla<‘k, /5r., 1871 , 4, 13. 

ei. Of ('nninak, />a//. Arnd. rtuf, Beh/.f 1904, p. 833. 

‘MbairaOu AOa/m .l/ne.‘, 1884, 9 , 501. . ^ 

** Saluiiielt ; ras* Abaij’lLe Auerbacli, IJdtidhuch di’T U7tort^i)iw(di(ai Cktataa, Jjtdpzig, 

lAk, h ii., p. 942. 

Ia*.4(M»‘ur, J/un (^hhn. Pht/s.^ 1895, [7), 4 > 213, 231. 

U, (it* CN»uiuak, Bull. Acad, toy, Bdj., 1901, 23 , 349, 
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ordinary temperature, and the solubility decreases with rise in tempera- 
ture.^ The heat of solution at 18° to 20 ° C. is +5100 calories. ^ 

The equivalent conductivities of solutions containing lUOgSO^ in 
V litres at 25° C. are as folloAvs : ^ 

= 4 8 16 32 64 128 256 512 1024 

A =17-1 20-5 25*5 32*0 41-5 53*2 67-7 85-2 103-4. 

The difference between Agg and 71-4, is, as in the case of uranyl 

chloride and nitrate, unusually high, probably because dissociation 
takes place in stages. If the solutions are kept for some time, the 
conductivity increases owing to the increase in hydrogen ions due 
to hydrolysis. The migration velocity of the uranyl ion at 25° C. is, 
according to Dittrich, 56. The conductivities at higher temperatures 
have been determined ^ as follows (for JUOaSO^ in v litres) : 


0 = 8 

16 

64 

256 

A at 35° C.=48-2 

61-9 

82-9 

117-2 

A„ 50° C. =59-1 

69-8 

98-9 

141-3 

A„ 65° C. =70-2 

87-0 

114-3 

162-2 

Freezing-point determinations show 

that uranyl 

sulphate disso- 

ciates in dilute solutions to 

a much less extent than the chloride or 


nitrate. 

Solutions of uranyl sulphate are fairly stable in diffused daylight, 
even in presence of alcohol, but readily undergo reduction when placed 
in direct sunlight or in ultra-violet light (see p. 288). 

Uranyl acid sulphate, UO 2 SO 4 .H 2 SO 4 , is obtained in fine yellow 
fluorescent crystals when a solution of uranyl sulphate in moderately 
concentrated sulphuric acid is evaporated at 200 ° C.^ It is very deli- 
quescent and readily soluble in water. By evaporating at 60° C. a 
solution containing uranyl sulphate (1 molecule) and sulphuric acid 
(5 molecules), similar crystals of composition 2 UO 2 SO 4 .H 2 SO 4 . 5 H 2 O 
are obtained.® 

Basic uranyl sulphates of composition 3 U 2 O 3 .SO 3 . 2 H 2 O and 4 U 2 O 3 . 
SO 3 . 7 H 2 O have been obtained ^ by evaporating at 250° C. solutions of 
uranyl sulphate containing 3 and 15 per cent, respectively. The former 
yields citron-yellow, and the latter greyish-yellow, microscopic crystals. 

- Ammonio-uranyl Sulphates . — Uranyl sulphate forms yellow addition 
compounds with ammonia, of composition U 02 S 04 .£eNH 3 , where a’™ 2 , 
3 , or 4 , the colour of which deepens with increasing ammonia content.® 

Complex uranyl sulphates, of composition 

R oSO4.UO2SO4.2H2O, (R =NH4, K, Rb), 

R' 2 S 04 .U 02 S 04 . 3 H 20 , (R*=NH 4 , Cs, Na, K, Tl), 

Li2SO4.UO2SO4.4H2O, 

MgSO4.UO2SO4.5H2O, 

^ 0. de Coninck has determined the densities of aqueous solutions (1 to 12 per cent.). 
He also gives {Bull. Acad. roy. Belg., 1901, p. 222 ; 1902, pp. 94, 161) solubilities in various 
inorganic and organic solvents. 

^ Aloy, Comr>t. rend., 1896, 122, 1541. 

3 Dittrich, Zeitsch. physilcal. Ghem., 1899, 29, 449. 

^ West and Jones, Amer. Ghem. J., 1910, 44, 508. See also Winston and Jones, ibid., 
1911, 46, 368 ; Howard and Jones, ibid., 1912, 48, 526. 

® Schultz-Sellack, Ber., 1871, 4, 13. 

® Wyrouboff, Bull. Soc. frang. Min., 1909, 32, 340. 

Athanesco, Gompt. rend., 1886, 103, 271. 

8 von Unruh, Einwirhung von AmmoniaJc auf Uranylsalze, Dissertation, Rostock, 1909. 
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liRve been deseribnrl i 

the dii„-anate in suJplnu-ic a solution of 

of tJie mixed salts. ^ ^ '“'Nation «?i nacwo of .solutions 

The potos'.smm, .mU, Iv 9 SO.,.UO SO ou r> 
triturating uranyl hydroxide with Vtassium’ IwH^ prepared by 

111 ) the mixture with water, and ivauoratini '^.^'^Phate, taking 

thi,s salt that Bccquercl first diseo^red solution. It was iS 

yields yelloiv fluore.sccnt crystals of ^t^'^ftivity (see p. 341). It 
cry, stats, like those of the SJ ionii.l C. =3-363.^ The 

Whmi heated, it liccome.s anhydrous .at P20° r "'ater. 

The double .‘laH 2K SO Tin • , V' 

sulplurtc and exee.s.s of p«tas,siimi sulphate 11“^ t"^ f uranyl 

Irsing from tlic hot .solution.'! At tcmnentnrr ’"'ater, and erystal- 
is decomposed by water thus : ' ■ ^iperatures below 80° C. the salt 

2lT6„SolAI4o!‘au(r!m etrySkmmV'''''’^ (NH 20 II)JI,SO,. 
(Nn.),II.SO TI(),S(),,.,,n/);Vavo tm ^alplurte,^ 

Uranyl Pyrosulphate UO s A ' ^ . 

sulphur trioxidit to a soluthm uV lllm, I'? Prupared by adding 
eoneimtrated sul|)huri<! a.cid.« It sen u nit.!.. • uranyl sulphate in 

iTystats which are very liygroscouie. * ' "* ■'uuall, yellow, fliiore, scent 

Uranyl Thiosulphate UO o 

:i;;! '‘'J-'’-' 

Uranyl Dithionate is not stdiUt a,vi 
added to a, solution of a uranyl salt 'the vdlow* <>ithionate is 

ated to th(‘ consistency of ,i syruji blit 

vmno over sulphuric acid it undeJ-mes deenn u'-’ ^‘”«<^‘^»*u-ation in 
ol sulpliur dioxiiic.'* ^ 'uconiposition with evolution 

UllANIUM AND SkLENIUM. 

Uranium Sesquiselenide, U..Se.„ is forme, i „t 

liytlrogcn mixed with a, small proiiorti „ '-,f ^ ^'‘"eut of 

rapidly over t he double sodium uranium chlorhl 

ll.u double ehlorule at low real lu-at .• « or by liisin'g dm l^lSrcllride 
AifvudHtui, /Vte/f/. Afitiiiivn, IK24 r * •. r 

lo,j,, I, n,oln,. I, .SV/uosV/rrW.VlH^n 44. S; Beradius, 

rov. AW;/., ItKIl, p. 1171 ; ai . , , , ’ f,4’ !*" ; <>• <lo (Joniiick, 7i«M. Acad 

iaas'’'’ ‘fn' her.,’ \m 37 'im*-' 1905; 

1908,59.111. '»'U. 37. 401 ; hohn, ZcitacL ancyn/. Chem., 

I\'., P 'ii.''!l.l!|.' "''' lhi->idhuch dcr mmuarmcha^^ 1921^ 

’ m. 

l>n*iH‘kinann, ./rr/tn n/d /■., {.S(}I, p, ^ J*hys,, 1844, [3], 12 , 340 j 

K,-iU„r. lam. 34. 4sr,. Ohn,i.Z(mlr., UMIl iJ S7S 

Khixs, Aiuutlnt, isss. 246, {7p. u., «/«. 

V,u"'“v"’| ' 18), 12. 59. 

21 
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with certain metallic selenides (compare US2, p. 314), preferably stannous 
selenide. It is obtained in very small black crystals, often pyrophoric. 

It is readily oxidised, and is vigorously attacked by nitric acid. 

Uranyl Selenide, U02Se, is prepared by heating together selenium 
(7 paxts), potassium cyanide (5 parts), and urano-uranic oxide (I part) 
at a low red heat. It yields black hexagonal prisms with a metallic 
lustre.^ It is readily decomposed by acids. 

Uranous Selenate is unstable^ and has not been prepared in the 
pure condition. 

Uranyl Selenite, U02Se03.2H20, is obtained as a lemon-yellow 
pi'ecipitate when sodium selenite is added to a solution of a uranyl 
salt.^ The anhydrous salt, UOaSeOg, is formed by heating the ^di- 
hydrate with water and a little selenious acid in a sealed tube at 200° C. 
It yields microcrystalline needles, which are active towards polarised 
light. It decomposes on heating, leaving a residue of the green oxide. 

Complex Urcmyl Selenites.—A series of crystalline compounds, rich 
in selenious acid, have been prepared^ by decomposing uranyl salts in 
solution by means of selenious acid or an alkali selenite. The products 
are yellow in colour and insoluble in water. Compounds of the following 
composition have been prepared : 

2UO3.3SeO2.7H2O, 

3UO3.5SeO2.7H2O, or 9H2O, 

UO3.2SeO2.H2O. 

By dissolving an alkali uranate in aqueous selenious acid, and 
allowing the solution to crystallise, the following compounds have been 
obtained : 

K20.U03.2Se02, or K2U02(Se03)2 ; 

(NH4)20-U03.2Se02, or (NH4)2U02(Se03)2. 

Uranyl Selenate, U02Se04.xH20, is present in the glassy mass 
obtained by evaporating a solution of uranyl hydroxide in selenic 
acid.^ It has not been obtained in a pure state. Such solutions also 
yield acid salts, of which the following have been isolated : 

U0oSeO4.H2SeO4.18H20, 

2U62Se04.H2Se04.12H20. 

Double selenates, of composition R‘2Se04.U02Se04,2H20 (R =K, 
NH4), have been obtained ^ in crusts of yellow crystals by evaporation 
of solutions of the alkali uranate in selenic acid. 


Ubanium and Tellurium. 

Uranium Telluride, U.Tes-— This is the only compound of 
uranium and tellurium the existence of which is defimtely established. 
It is formed when hydrogen containing tellurium vapour is passed over 
the double sodium uranium chloride at 1000° C., or when the chloride 
is heated with sodium telluride in hydrogen at the same temperature. 


1 Milbauer, Zeitsch. anorg. Cliem., 1904, 42, 450. 

2 Wvroubofh Bull. Boc. franc. Min., 1909, 32, 340. /. o 7 • a ‘ji 

= NUson, Bull. Soc. chim., 1875, 23, 497 ; Researches on the Salts of Selenious Acid, 

Unsala, 1875 ; Boutzoureano, Ann. Chim. Phys., 1889, [6], 1°, 341. 

Boutzoureano, loc. cit . ; Sendtner, Annalen, 1879, 185 3-i9. 

5 Sendtner, he. cit. 

« Colani, loc. cit. 
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method is the more satisfactory. It yields black lustrous 


Accordijvjr to Gutbier,ithe addition of a uranvl salt 
l>otassium tellurate yields a yellow curdy precipitete of 


to a solution of 
uranyl tellurate. 


Urariyl chromate (see p. 71). 

llranous and iiranyl molybdates (see p. 154). 

Uranous and uranyl tungstates (see p. 232). 


Uranium and Nitrogen. 

Uranium Nitrides.— It was observed by Moissan ^ that uranium 
nieta (‘omhined directly with nitrogen at 1000 ° C., yielding a yellow 
nitride tlu^ composition of which has not been ascertained. By heatino* 
lira, nous chloride in a stream of dry ammonia, ^ or by heating to redness 
the double^ chloride NagUClg in a current of ammonia,^ a greyish- 
l>lac‘k crystalline nitride, of composition U 3 N 4 , is obtained? It is 
|)roba,bli‘ tliat this compound is frequently present in metallic uranium, 
for th(‘ hitter wlien exposed to kathode rays has been observed ^ to 
(‘VoIv(‘ a, little nitrogen. It has been suggested® that the activity of 
uranium <*arbide as a catalyst in the synthesis of ammonia from nitrogen 
and hydro< 4 '<m depends on nitride formation. 

VVluai uranyl civloridc is heated in ammonia a product of uncertain 
C‘<>m|)osition, proliably an oxynitride, is obtained."^ 

Uranous Nitrate has not been obtained in the solid form. It 
apjxairs to exist in the unstable green solution obtained on the addition 
of ura.iH)us hydroxide to a neutral solution of silver nitrate (see p. 302). 
A light gretui liasic nitrate has been obtained by short exposure to light of 
a-n al(‘oholi<‘ solution of uranyl nitrate, and rapid filtration of the product.® 
Uranyl Nitrate, U 02 (N 03 ) 2 . 6 H 20 , is the most important com- 
pound of uranium ; it has received much attention from investigators 
and is tlu^ most widely used uranyl salt of commerce. It is obtained 
<lir(‘ctly from uraninitc (sec p. 277), and the commercial preparation, 
wlu(‘h 'g(mcrally contains a small amount of impurity, especially alkali,® 
may ()(‘ ))uri(ied liy recrystallising several times from water. 

It may he iircqiaix^d by dissolving any of the oxides or hydroxides 
of uraniuni in nitric acid and concentrating the solution ; or by double 
dt*comj)osit.i<)n of uranyl chloride with silver nitrate. It crystallises 
in lemon-yellow prisms, tlie form of which varies according to the 
natures of \he solvcmt. The crystals exhibit a yellowish-green fiuores- 
eenee whieh docs not increase, as is usually the case with phosphorescent 
substantHx, evem at such a low temperature as —190° They also 


‘ (Jut.bii'r, ZeiLsrh. anorg. Chem.) 1902, 31 , 340. 

Mdissaru mid, 1896, 122 , 274. ^ 

Uhrlaub, Verbindungen einiger Metalle mit Stickstoff, Dissertation, Gottingen, 1861. 
See a,ls(> K()liIs<luiUer, Annalen, i901, 317 , 168. 

^ (■dlani, (Jonipl. rend., 1903, 137 ? 382. 

,loriss<‘ii iuul ''rrivelli, Chem. Weekblad, 1911, 8 , 59. ^ tt t, j 

Halx^r itnd ( JnH'nwood, Zeitsch. Mektrochem., 1915, 21 , 241. Compare Haber and 

UCEtKSHigiu)!, 1913, I ^ 

? Hrnith and Matthews, J. Amer. Chem. Soc., 1895, 17 , 687. 

« Berirailu Zeitsch. wiss. Photochem., 1917, 16 , 253. 

Uiolitii and Tavanti, OazzeUa, 1908, 38 , ii., 239. 

M(t(V)y and Ashman, Amer. J. Sci., 1908, [4], 20 , 521. 

** J, B(‘e(|nerel, (JowpL rend., 1911, 152 * 611. 
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possess the remarkable properties of triboluminescence emitting 
Hashes of lio-ht when mechanically shaken or crushed, of detonation, 
or ' even in some eases of violent explosibility. The phenomena were 
first described by Ivanov, ^ but subsequent investigators observed that 
the crystals were only explosive when free nitric acid was present a.nd 
when they had been obtained by crystallisation from ether.^ Explo- 
sions never occurred with preparations recrystalhsed from w^er, 
although the crystals generally showed triboluminescence. 1 ms 
property appears to diminish with time, but it has been 
specimen of the salt which had been kept in a stoppered bottie for 
forty-one years.® Moreover, it does not appear to be connected w 
the mdioactive properties of the salt. If crystallisation is allowed to 
proceed under the influence of Rontgen rays no effect ^he properties 
of the crystals is observed.* A specimen of sodium diuranate, uith 
no triboluminescence, may be converted into a strongly tribolummes- 
cent iiranyl nitrate.® Siemssen ® suggests that the property is due to 
ekctrical tension in the crystals. The less frequently observed explosi- 
Sv mmears to be due to the formation of an unstable compound of 
the uraiivl salt with a lower oxide of nitrogen and ether. According 
to Andrews ® some of the water of crystallisation of the hexahydrate is 
replaced by ether. Eichhorn observed that uranyl nitrate extracted 
from aauemis solution by means of ether contained less water of crystal- 
hSoTSi t^ ordiiJy salt and explosive «Pe™s of the s^ - 
never obtained when prepared m absence of nitric acid and erner. 
Two actual compounds of ilranyl nitrate with have been obtmned 

rlrvin(T the etliereal solution over calcium nitrate and coolin^^ 
aboS^-^^ 10 “ and ^70° C. respectively ; when the ether was removed 
from these compounds by means of a current of dry 
(see below) remained. Analogous compounds, n _ 

molecules are replaced by molecules of ammonia, have also be 

°^^Thf crystals of uranyl nitrate hexahydrate which have density 
0.807 and are diamagnetic,® deliquesce in moist air. At 15 U tee 
;^mur pressure is practically negligible.*® The melting-point is 60-2 C., 

in -to. ethe. fyl 

alcohols, and other organic solvents. Water at lb C. dis.sol^es 

I Ivanov, GJiem. ZeM., 1912, 36 , 297. nipm Zeit 1912, ^ 6 , 1463 ; Eich- 

^ AndrewB, J. Am,e,. Ghem 1686 CUm. IJIA 3 

horn, Chmi, ZeU., 1914, 38 , 139 ; Muller, 191b, 40 , 3S , 1917, 41 , 

^ Siemssen, Ghe^n. Zeit.f 1922, 46 , 450. 

Muller, Zoc. cii. 

Siemssen, Ghcmi. Zeit, 1919, 43 , 267. 

« Andrews, loc. cit 

« “/ ^ranyUalze, LisserMion, Rostock. 

^^°^Moissan. Traite de OMmie 

■0 Lescceiir, Ann. GUm. A’A’ le ' ^ Allg. J. Ghem., 1834, 4 , 146 ; 

II This salt has also teen studie y^H b , Rammelsberg, Neue Forschungen, 

do la Provostaye, t ’3U • O de Comnck, Oompt. nnd., 1900, 131, 

1842, p. .58; Sohabus, roy Bdcj., 1901, p. 222; 1909, p. 743; 

ae^orccani 1913. 

156 , 1207. 
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ils svciuht of llic salt.' The (tensity of the saturated solution at 17° C. 
is and ils ri't'caeliw iude.v;, =1-41155.2 

'I’lie ciiuixalent eonduet i vities of solutions containing |U02(N03)2 
in litres :d are as follows 


V <>I 12H 25(J 512 1024 2048 4096 

A (i) l(Hl-5 107- 1- m-7 122-6 160-8 140-2 150-0 1 61-8 89-7 

A (ii) 108-9 117-S 181-8 189-5 — - — 35-6 

A(iii) no-S 120-0 128-6 136-1 146-8 — — 

As in the ease of the sulphalc- (sec* p. 820), tlie difference Aj^g24~A32 is 
ahnorinall\ hii;h I'or a normal sidt of a dix'aleut anion, apparently owing 
lo h\drol\sis ; the solution has an acid reaction. Dittrich has shown 
Ihe pres(-nee of hydrogen ions in solution by tlie inversion of sugar, and 
hy eruist-o]iie measureineids has determined the degree of dissociation 
u and till* moleeular weight of the solute at varying dilutions ; thus 
I'or sohdions eoutaining the moleeular weight (U02(N03)2=394-2) in 
r litres : 

•i* 1 2 4 8 16 

a 0-7H O-SO 0-82 0-88 0-94 

Mol. wt. 158-1 151-6 148-9 142-5 137-8 


It may he shown hy extrajailation ** tliat the apparent molecular 
weight at inlinite dilution is almost exactly one-third the real molecular 
weight , so t hat ionisnt ion appears to proceed according to the scheme : 

nOolNtX,)... -IKV 1 2N()3'. 


Up tti an e(pii valent dilution (tf 1-096 litres, the values of A do not 
eoiiwrge to a fimil. In eon cent rated solution the salt is ionised to a 
eonsithuidde e\t(-nt. and it is douhtfni whetlua* it may be considered as 
a simple l(-rnar,v electrolyte. 'I'lie addition of ammonia to the solution 
pn-eipit;dt-s ammonium diuranate, thus indicating tlie probable presence 

(tf the anion I '.t U". i x. - i 

Thi- follovsing eonduetivil.y measurements have been obtained lor 

.solutions eontuining lUO-j(N<>.,)2 in v litrc;s at 50° C. : 


r 4 
A(l) I8t-8 
A (2) 121-1 


16 

!5tl-8 
1 lit -8 


64 

1 Kit-5 
171-8 


256 512 1024 2048 

211-6 246-3 — 

201-5 216-4 226-1 250-0 

Uv lilt- deliN clndion of tile bexahydrate, tri-, di-, and mono-hydrates 
ha\e been oblained. 'I'he anbydrous salt lias also been described. 

\Ma-n uranvl nitride bexaliydrate is placed in an enclosed space 
wilh sulpburie acid at ordinary tempi'raturc and pressure it undergoes 
d,-h><lration in two stages, yielding after a few days the tnhydrate, 

I (I ili- I '..nifi.K /<»■ ril ('f. VatiilMJ, ./. Ghiim. Sue., 1910, jz, S70. See 

' . ,,5 141 17 422 , for talMilated densities of .solutions of 

-*vi 

uMrit' iinii, niilplmn.' itt ul, luiil . orknnal paper contains 

//U',. tPloH ; fin) WiUHtoti niui A7/I(:r, O/um. J., 4o. 4:03. 

‘ ! i ) \Vr- 1 7:, mo, 44. 508 ; (2) Howard and Jones, ibid., 1912, 


4B, .V3r,. 
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XJ02(N03)2.3H20, and after about a month the dihydrate, U02(N03)2. 
21120.^ Reduction of pressure or increase of temperature only accel- 
erates the change. The trihydrate may also be prepared by drying 
the hexahydrate over lime in a vacuum ; ^ by evaporation of a neutral 
solution of the nitrate at 65° C. ; ^ or by evaporation of an acid solution 
in vacuo It yields monoclinic crystals which melt at 121-5° C.^ 

The dihydrate is formed by evaporation at ordinary temperature 
of an ethereal solution of the hexahydrate which has been dried with 
calcium nitrate ; ^ or by crystallisation of the hexahydrate from con- 
centrated nitric acid solution.^ It yields small lustrous plates, thick 
and square, probably rhombic, and possessing a green fluorescence. 
It melts at 179-3° C. It is much more stable than the trihydrate, and 
can be kept in a vacuum desiccator with caustic alkali or phosphorus 
pentoxide without any loss of water.® It dissolves readily in ether. 
If the dihydrate is heated in a current of carbon dioxide at 98° C. a 
product corresponding very nearly in composition to the monohydrate, 
tJ02(N03)2.H20, is obtained ; at 160° C. under the same conditions 
anhydrous salt, U02(N03)2, is obtained. The latter may also be 
obtained by passing a current of dry nitric anhydride over the tri- 
hydrate carefully heated at 170° to 180° C.® It is a yellow amorphous 
powder, readily soluble in water with evolution of heat. It reacts 
violently with ether. When heated to 200° C. it decomposes and leaves 
a mixture of uranic acid, UO3.IT2O, and uranic anhydride.® 

By an investigation of the cooling and heating curves for solutions 
of uranyl nitrate, indications have been obtainecl ® of the existence of 
an icositetra-hydrate, U02(N03)2.24H20. 

The following values for the heats of solution of anhydrous uranyl 
nitrate and its hydrates have been obtained : 



de Forcrand. 

Marketos.il 

U 0 ,(N 03 )., . 

U02(N03)2.H.P . 

UO,,(N 03 ) 2 . 2 H 20 . 

U02(N03)2.3H20 . 

U02{NO„)2.6H20 . 

+19,000 calories 
+11,870 
+ 5,050 
+ 1,350 
— 5,450 

+ 16,000 calories 

+ 5,420 
+ 2,000 
- 4,760 


The following values for the heat of formation of uranyl nitrate are 
due to de Forcrand 


U02+302+N2=U02(N03)2 (solid) + 67,250 calories, 
or =U02(N03)2aq. +86,250 calories. 


1 

298 ; 
1912, 


Chinh 


de Forcrand, Compt. rend., 1913, 156 . 1044 ; Lebeau, Ball. Soc. chim., 1911, [4], 9 , 
Vasilieff, J. iJm-s. Phys. Chem. Soc., 1910, 42 , 570. Of. Marketos, Compt. rend., 

Udfea+oc. cit. ® Wyrouboff, Bull. Soc. fnm^. Jfira., 19M, 32 , 340. 

Schultz-Sellack, Zeitsch, Chem., 1870, [2], 6 , 646 ; Vasilieft, loc. cit. ^ Cf. Ditte, Ann. 

Phijs 1879, 151, 18 , 337 ; Drenckmann, Zeitscii. ges, Naturu\, 1861, 17 , 134. 
Vasilieff, loc. cit. ® Lebeau, Gompt. rend., 1911, 152 , 439 ; 1912, 155 , 163. 

de Forcrand, Zoc. mon -xAaa 

Marketos loc cit ® Germann, J, Amer. Ckem. Soc., 1922, 44 , 1466. 

de Forcrand, Compt. rend., 1913, 156 , 1207, 1954 ; An7i. CJmn., 1915, [9], 3 , 5. 
Marketos, Compt. rend., 1912, 155 , 210. 
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Tlu- heats of solution in dilute nitric acid of 


UO;j=19,808 calorics. 
XJO;i.H20== 14,846 
IK).,.2ir20 = 12,375 


l.y (hssoh iiut tlic (lihydrate of uranjd nitrate in fuming nitric acid 
am treating llu" cooled solution with a mixture of nitric anhydride 
and exerss (>1 nilriigen peroxide, a light yellow precipitate, of composi- 
tion I O.^tNO., lo.'iXO.j, is obtained.^ It is decomposed by water with 
lilieration of nitrogen peroxide. At 103“ to 165“ C. it yields the 
aniix tirtiiis unuiyi uiiraic. 

i ninyl nit rati* fonus double salts of the type R'U02(N03)3, where 
ll' K, XIl j, Hb, ( s, or IM. Tliey iiiay be j)repared by crystallising a 
solution o! llu‘ tuixed nitrates in concentrated nitric acid ; ^ or by 
ervstallisalion tVoin a solution oC tlic alkali nranatc in excess of nitric 
aeida^ 'Flu* crystals are all anhydrous, and in the case of the potassium 
salt an' <yrl horhuinbic, whilst the rubidium and ca'sium salts are rhombo- 
hcdral and isoinorphous with each other. The ammonium salt yields 
both or! horhoitibic and rhouibolicdral crystaJs. All exhibit a yellowish- 
t'rccn llnorcsccm’c ; tlu*y are hygroseo|)ic and readily decomposed by 
water into their eoniponents. The tludliiun salt is |)articularly unstable, 
briny deeoniposisl in moist air. On the otluu' hand, the 
tiissolves in water at HO" (’. without deeoin|)ositi()n.‘^ The corresponding 
satts of sodinnu lithium, or of divalent metals liave not been prepared, 
'rile foIlmNing unstalile eoinplex nitrates liave been obtained : ^ 
i^idmiHiH arantfl iiifnda, CdU02{N();j),i.;K)Il20, yellow needles, 
wltieh lose lOlIuO wium dried in vacuo over sul])hiiric acid ; 

Sirkcl urantjl niindc, 3 lK) 2 (NO.j) 2 . 1 ()Ni(NO;j) 2 , greenish-yellow 
ueedix s ; anti 

Hjtndiam arantfl nitrate, HliUO2(N()3)3.:i0li2O, orange leaflets, 
wliieh los«’ oUuO itt vaeuo,^^ 

Ethident'diaminoniani uranijl nitrate, 02 lhi(Nll 2 ) 2 * 2 HN 03 .U 02 (N 03 ) 2 . 
has \h'vi\ prepanalA 


IIUANU^M AND PllOSPnORUS. 

I b-anium Monophosphide, UP A -Ura.nyl hypophosphite on 
stromdy heat my I(‘a\'<’s r(‘sidiic consisting ol a inixtme ot uraiious 
p\ rixphiisphat e, uranous rnetaphospJiate, and iiraniiim monopliosphide, 

iis droiM-n ahme (‘si-aping. . t ^ d i i i 

tiranous Fliosphide, is obtained in the lorm ot a black 

mieroiawstaiime powder by fusing together sodium uranous chloride 
and aluminium phosphide at 1000" C. in a stream of hydrogen A or 


» Stmtlh lODi, 33. 853 . 

\hy'i ,ind \\ru«!.-h lirt'., i<H) 3 , 36 , 4055. 

‘ Uunhiarh. ihid,, 1001,37. 4i0. 

« /ui/a/. . 1 ////., 1003 , 38 , 4m 

- Vh liaH been cleHcribea by 0 . de Coninck, Bull Acad. 

N.tHwk, m.. ,5°. y- 

vulh hv.ln./m.., «.,._Salviulori, AtU H. Acmd. Ltuca, 1912, [5], 21 , 11 ., 4o5. 

- tAmiA. nn,L, 1W3, 137, 382; Ann. Ohm. Phyn., 1907, [ 8 ], I2, oJ. 


328 


CHROMIUM AND ITS CONGENERS. 


by the aluminothermic process, using a mixture containing phosphorus 
and uranyl pyrophosphate or a higher oxide of uranium. Both pro- 
cesses yield a* product contaminated with aluminium, which is difficult 
to remove. A purer crystalline product is obtained by the action of 
phosphine on sodium uranous chloride, but in this case the yield is poor. 
The phosphide is slowly oxidised in air to yellow uranyl phosphate. 
It is slowly decomposed by water, rapidly by nitric acid. 

Uranyl Hypophosphite, U02(H2P02)2*H20, is obtained as a 
yellow crystalline powder when freshly precipitated ammonium di- 
uranatc is digested with aqueous hypophosphorous acid.^ It is in- 
soluble in water, soluble in acids. On heating, it loses water between 
100^^ and 200° C., and at higher temperatures decomposes with explosive 
violence, yielding hydrogen and a residue containing the monophosphide 
as described above. The anhydrous salt, U02(H2P02)25 niay be pre- 
pared by agitating solutions of I molecular proportion of uranyl 
nitrate and 4 molecular proportions of sodium hypophosphite. 
It separates in yellow microcrystalline prisms, insoluble in water, 
l)ut readily soluble in excess of either reagent. A pale yellow trihydrate 

has also been obtained- i i u- 4 . 

By the action of alkali hypophosphites on uranyl hypophosphites 

the following complex salts have been prepared : ^ 

Na[(UOo)(H2P02)3].3-5H20, and 5 H 2 O ; 
Na[(U02)2(H2P02)5].4-5H20, and GHgO ; 
K[(U02)2(H2P02)5] ; 

NH,[(U02)2(H2P02)5]. 


Uranyl Phosphite, (U 02 ) 3 He(P 03 ) 4 . 12 H 20 , is precipitated on 
the addition of ammonium diuranate to an aqueous solution of phos- 
|)horus trichloride.^ On drying in the air it becomes hard and trans- 
r)arent ; over sulphuric acid it loses 7 molecules of water. On heating, 
it loses two-thirds of its water at 180° C., and becomes anhydrous, at 
the same time turning green, at 300° C. 

Uranous Phosphates.- — Uranous orthophosphate,^ U 3 liU 4 j 4 , is 
vn-eiiared * by adding trisodium phosphate to a solution of uranous 
chloride in an atmosphere of carbon dioxide. It separates as an amor- 
phous precipitate, which, when heated to redness in a current of hydrogen 
chloride, changes to a green microcrystalline powder. A basic phos- 
phate, of composition or 2 UO 2 .P 2 O 5 is obtained as ^ t^right 

m-een powder when uranyl ortho- or pyro-phosphate is reduced by 
heating in hydrogen ; it becomes crystalline when i^iited m hydrogen 
ehloricle. The same compound may be obtained ^ by precipitating a 
solution of uranous chloride by means of excess of tris odium phos- 
phate or sodium pyrophosphate. A chlorophosphate, UoH b)! 
3 U 0 .,.UCL. 2 P 205 , is obtained by passing the vapour of uranous 
chloride over heated metaphosphoric acid, or any 01 m of the uranous 
I'.hosphates, after displacement of the air by carbon dioxide. It yields 
gi'cen orthorhombic crystals, 

a : b : c=0-8376 : 1 : 0-7473. 


I Bainmelsberg, Ber., 1872, 5 , 492. ® Rosenheim and Trewendt, Ber., 1922, 55 , B, 1957. 

: S., .1.. w.rtl.r, 

B~!l. Sx. 1880, [2], 34 . 20- ‘ 
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All acid uranium phosphate, UH2(P04)2 or UO2.P2O5.H2O, is 
obtained as a gelatinous precipitate when ordinary sodium phosphate,^ 
or ex(*c\ss of sodium metaphosphate, ^ is added to a solution of uranous 
ehlorid(‘. I t may be obtained in the crystalline form as UH2(P04)2.5H20.3 
Aloy also describes a uranous chlorophosphate of composition 
(see p. 295). 

iJranoua y}ietai)hos'ph^^ U(P03)4, is prepared by heating to redness 
a mixture up uranous oxide and metaphosphoric acid; the operation 
should lie carried out in a gold Hose crucible through which carbon 
dioxid(‘ is passed.^ After washing the product with water and boiling 
nitric acid, g»'reen crystals of the metaphosphate remain. The same 
(‘ompound is obtained when uranium orthophosphate is fused with 
four limes its wciglit of metaphosphoric acid ; ® or when anhydrous 
uranyl sulphate is dissolved in metaphosphoric acid at 316° C.’ Uranous 
nudiiphosphate yields emerald-green rhombic crystals, isomorphous 
with the corresponding thorium salt® and of density 3*9 at 0 C. It ^ 
only slowly attacked by acids, but fused alkalies or alkali chlorides 
(lec'oiupose it. When ‘heated strongly, it melts, loses phosphorus 
neivtoxide, and yields the pyrophosphate. 

VramniH pyrophmphate, Ulh^O,, may be obtained by heating uranous 
hydrogen phosphate, UH,(P0,),.5H,0, in a current of carbon dioxide ; 
or more readily, by calcining the uranyl salt, in 

an atmosphere of hydrogen.^' The product is amorphous but becomes 
crvstalline without change in composition on heating m a stream ot 
hydronvn ehloridc. The crystalline form may also be obtained by pass- 
ii'g the va.i)our of iihosphorus oxychloride over urano-urame o.xide. 
■I'h.. arc not «cll dolined and .r. » ■>'»« 


trihijdratt\ i^ 


. 

formed according to Rammelsberg” as a 


gelatinous precipitate by the addition of sodium pyrophosphate to a 

solutiou of urauous chloride. i n u parth 

t’omplex phosiihatcs of uranium and the the 

metals have been prepared^ by fusing an 

alkali phosjihatc with an excess of uranous oxide m *L^mum K 
cTuciblc Ihx'ough which carbon dioxide was 

I’mpIIH M fr-d bv the addition of a little alkali cmoriae. j 

.iif f ‘is shS.uao:)! 

formed. If the alkali metaphosphate is used, salts of the t>pe KaLi ih 

1 i> TJ' xjo • Sr Ha, are obtained, 

where lU-K, Na , JJa-rt’jtph n forms green, orthorhombic crystals, 
The putasstum salt, IXjUti vJ4j2> loims » 

a : b : c=0-3711 : 1 : 0-3902, 

and is stihible in concentrated acids. prepared from the pyro- 

The sodium salt, NaalJ (104)3, is oeumi p i 

. Kanunelsberg, Po,<J. AnnaUn, 1842, 55. 318; S6, 125; 1843. 59. 1 ^ Ber., 1872, 5. 
1003 . 

^ lu„.. Chvm. Phys., 1901, [7], 24, 412. 

(^olaui, loG. cit. ^ iQQo 06 849* see Colani, Zoc. cii. 

8 Troost, dWf - 208 
1 ' Eammelsberg, JAresber., 1872, p. 208. 
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pliospliate, using excess of sodium chloride. It forms emerald-green, 
orthorhombic crystals, 

a :b : c==0-6766 : 1 : 0-4006, 

and is readily attacked by acids. 

The calcium salt, CaU(P 04 ) 2 , forms green monoclinic crystals, 

a : b : c = I-508 ; 1 : 1-124 ; y=98° 29'. 

Tlic barium salt, BaU(P 04 ) 2 , forms thin green hexagonal plates. 
'I’hc utrontium salt, SrU(P 04 ) 2 , forms orthorhombic crystals, 
a ; b ; c=l-474 ; 1 : 1-165. 


By using the alkali pyrophosphates, the potassium and sodium 
salts of the type lli2U3(P04)8, or 6R2O.8UO2.4P2O5 are obtained. 

The salt, KU„(P04 )s or K2O.4UO2.3P2O5, is obtained by heating 
the orthophosphate, K2HPO4, with a slight excess of potassium uranium 
chloride; it forms small dark green crystals. The corresponding 
sodium salt is prepared by lusion of sodium metaphosphate with excess 

Uranyl Phosphates. — ^Well-defined ortho- and pyro-phosphates 
exist, but little is known of uranyl metaphosphate. Several complex 
uranyl phosphates have been described. . , 

lyramjl Ortho phosphatea.— The normal salt, {U02)3(1 04)2, is foimed, 
according to Werther,i -as a yellow precipitate when a solution of the 
normal sodium phosphate is poured into a i^^utral solution of uranjl 
nitrate. Uranyl monohydrogen phosphate, UO2HPO4, is obtained as 
a yellow amorphous precipitate by adding phosphoric acid ^ ®olu 
phosphate,*^ to a solution of uranyl acetate or nitrate , 
manyl hydroxide with phosphoric acid. If the precipitate is boiled 
for some considerable time with dilute hydrochloric 
converted into tetragonal crystals of ^ 

A trihydraie, UO2HPO4.3H2O, is also obtained ^ 

sodium dihydrogen phosphate on an acid solution of ^"^y’ 

it separates as a sulphur-yellow crystalline powder. . 

salt, U02(NH4)P04.aTl20, is formed '^hen a soluble phosphate ^s^ad^^^^^^ 

to a solution containing p ammonium and a uranyl sal . ^ 

yellow precipitate is quite insoluble in presence o and is therefore 
moniiun acetate, so that the precipitation is quantitative and is therefore 
enmloved in the volumetric estimation of phosphates (see also p. 88» , 
with potassium ferrocyanide or cochineal indicator. Upon ^gnition 
Uu- nrer-initatc is Converted to uranyl pyrophosphate, (UU2)2J"2^7- 

C co^ rS concentra^^ of uranyl mon^^ogen 

,)hosphate in nitric acid, a plwsphani^ate of no“Pn®ition UO^P04^ 
IINO3.7II2O, or 2UO3.P2O5.N2O5.I6H2O, separates. This is decompose 
by water with separation of nitric acid. 

; «<-. '*«>• 

.Hi), df. lu-ii.te, Annalen, 1869, 151 , 216; Werther, loc. ai. 

W'ivhwr, loc. (■it. i >Aienm, asserfoiton, Berlin, 1^ Leconte, Compt. 

1875, 27, 199 ; Starkenstein, Bzochem, 

Zeitsch., 1911, 32, 235. 

Heiutz, loc. cit. 
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Uranyl dihydrogen phosphate, U02(H,P0,),.3H,0, is obtained ^ 
by concentrating a solution of uranic oxide in hot dilute phosphoric 
acid ; it se})arates in small yellow crystals. ^ 

Vrarnjl hnetaphmphate, U02(P03)2, is obtained, according to Ram- 
mclsbcrg,2 by heating the yellowish-green precipitate produced by the 
action of nitric acid on uranyl hypophosphite. 

Uranyl pifrophosphaie, is formed as a precipitate when 

a solution ol sodium metaphosphate is poured into a hot solution of 
uranyl nitrate. The tetrahydraie, (U02)2P207.4H20, is precipitated in 
yellow microerystals by double decomposition of sodium pyrophosphate 
and uranyl nitrate. The hydrate loses water and yields the anhydrous 
salt at 120"'’ Uranyl pyrophosphate is insoluble in water, alcohol, 
or ether ; l)ut it dissolves in excess of sodium pyrophosphate solution 
(see below a,nd also in dilute nitric acid. 

Complex Uranyl Phosphates.— The following naturally occurring 
|)hos|)liatcs have l)een described (see pp. 273 - 4 ) : 


Autunite, Ca(U02)2{P04)2.8ll20 ; 
Uranocireite, Ba(lJ02)2(P04)2.8H20 ; and 
Chalcolite, Cu(U02)2(P04)2.8Il20. 


The last named may be prepared synthetically ^ by boiling a solution 
of copper axx'tate witli uranyl phosjdiate and treating the precipitate 
with, acetic^' acid. Corrcs|)onding salts of potassium and ammonium 
Iia\a^ l>een prc^i)ared. The potasmmi salt, KUO2PO4, may be formed 
by fusing together uranyl hydrogen phosphate, UO2HPO4, with potas- 
Hiuni sulphate^ ; or by dissolving uranic anhydride in molten potassium 
|)yr()j)h,osphale.‘’ It is ol)tained as the trihydrate, KUO0PO4.3H2O, 
in lluorescauit. crystals, l)y the addition of potassium dihydrogen phos- 
])liate to an a.cid solution of uranyl nitrate ; the reactants should be 
in the pro|)orl;ion KII2PO4 : IINO3 : UO3. The crystals are insoluble 
n water or acetic acid, but dissolve readily in solutions of alkali car- 
l)onates. Tlie corresi)onding ammonium salt, NH4UO2PO4.3H2O, is 
ol)taiaed in a, similar manner and has similar properties. By tusing 
togerther tripotassium phosi)hate and uranic anhydride the compound 
K4U()2{P04)2 is oirtained. 

Wlum uranyl |)yro|)liosphate is dissolved in excess of sodium pyro- 
phosphat(‘ soliition*, the free/ing-point rises to a maximum correspond- 
ing witli 3Na,4P207.(U()2)2B207» descends to a minimum at 

The solution up to this point exhibits none of 
tlic eliaraeteristic ixnietions of uranyl salts,® so that complex formation 
has evidently taken place. If the solution is evaporated to dryness, 
and tlie r(‘.si‘ilting giimmy residue treated with alcohol, a very soluble 
hy ^’'Toseopic iiowder is obtained, to which Pascal gives the formula 
Nia(U(),).(P2O7)3l0ll2O. If alcohol is added to a solution of sodiimi 
l)yr()i)hos])hatc saturated with uranyl pyrophosphate a yellow insoluble 


I \V(‘rt,lu*r, he. ciL 

UannnclHb(‘r|j!:, Ikr. K, /Vu/m*. Akad., 1872, p. 447. 

* lVrs<'r^b''f W'iw- 184U P], 2°. 315; Girard, Compt. rend., 1852, 34 , 22; 

< indl, iSVx*. ('him., 1880, [2], 34, 20. 

(!nm(l(‘au, Ann. dhim. Phys., 1886, [ 6 ], 8 , 223. 

Ouvranl, (Jompl. rend., 1880, no, 1333. 

^ Lic^uaii, loc- cXi. 

.OaHcal, Compt, rend., 1913, i57> 
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powder, of composition Na,(U 0 ,)PPv.H, 0 , is formed The stability 
of these complexes decreases with rise m temperatme, and they 
cannot therefore be obtained from boiling solutions. The anhydrous 
salt NaodJOoiPoO,, may be obtained by fusing together sodium meta- 
phosphate and urinic Lhydride.i it yields glistening yellow mono- 

U^nvl Aminophosphates. — By saturating an aqueous solution 
of phosphoric acid with an amine, and adding solution, 

drop by drop, double phosphates of the 

orepared ^ The following have been obtained ; CHaNHa-HUOal O4 , 
^H.NH^.HUOoPO,; and (CH3)3N.HU02P0,. The compounds are 
precipitated in“a pale yellow colloidal condition, and when dried m 
vacuo become horny. 


Uranium and Arsenic. 

Uranous Arsenide, U3AS4, may be obtained by methods similar 
to those employed for the phosphide * (see p. 327 ). \\’hen obtaiimd by 
passing hydrogen over a fused mixture of sodium uranous chloride and 
sodium arsenide it is a greyish powder which readily 
It is sometimes obtained in a pyrophoric condition. An alummium 
containing product results when the aluminothermic process, using an 
oxide of uranium and arsenious oxide, is employed. The purest arsenide 
is obtained in the crystalline form when a mixture of hydrogen and 
arsenic vapour is passed over sodium uranium chloride. It is rapidly 

MetSeSte, UO,(AsO,)„ results as a yellow precipi- 
tate® when a solution of sodium metarsenite is added to one ot 
uranyl nitrate. It is insoluble in ammonia, but dissolves readily m 

*^'^^*Uranous Arsenate, UH2(As04)2.2H20, may be prepared by 
dio'esting freshly precipitated uranous hydroxide with cold dilute arsenic 
acTd • « or by ahing arsenic acid to a solution of the hydroxide m 
sulphuric acid. It yields pale green needle-shaped 
in water but soluble in excess of arsenic acid A tetmlnj(hate 
UH2(As04)2.4Ha0, is formed as a green precipitate when an alkali 
"arsenate is added to a solution of a uranous salt.’ 0 

Uranvl Arsenates. — The orthoarsenate, (U02)3(A&U4)2.l2ii2'-’= 

occurs in nature as trdge^'ite (see p. 274 ). It is f 
on heating turns reddish brown with loss ot water , on ^^oh 
product again becomes yellow.® It breaks down when heated with 
water, yielding micaceous leaflets. The compound l^s been Produced 
artificially.® Uranyl hydrogen arsenate, UO2HASO4.4H2O, is obtained 
as a pale^yellow powder by the addition of uranyl acetate to a solution 

1 Ouvrard, Compt. rend., 1880, no, 1333. ^ 

2 For the action of hydrogen peroxide on this salt, see ]). did. 

» Barthe, Compt. rend., 1911, 152, 1396 ; Kolloid Zeitsch., 1012, ii, 

^ Colani, Oompi. rend, 1903, 137, 382. ,^,^0 

Eammelsberg, Ber. K. Breuss. Akad., 1872, p. 447 ; Beiohardt, her., 1SJ4, 27, 10-8. 

® Aloy, Bull. Soc. cJiim., 1899, [3], 21, 613. 

7 Eammelsberg, Pogg. Annalen, 1842, 55, 318 ; 56, 125. 

® Winlder, J. praM. Chem., 1873, [2], 7, 7. 

Goldschmidt, GJiem. Zentr., 1899, 2, 785. 

10 Werther, Annalen, 1848, 68, 313. 
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of arsenic acid or sodium arsenate. It is insoluble in water and acetic 
acid. 

Vramjl dihydrogen arsenaU, U02(H2As04)2.8H20, separates in small 
yellow crystals when a solution of uranyl acetate or nitrate containing 
an excess of arsenic acid is concentrated. ^ The crystals lose their 
water of crystallisation at 150 ° C. 

Urmvyl pyroar^enaie, (U02)2As207, remains as a yellow powder 
when the arsenate, UO2IIASO4.4H2O, or ammonium uranyl arsenate 
(see below), is heated. 2 

Complex Uranyl Arsenates. — Several double arsenates occur in 
nature (see p. 274 ): zeunerite^ ^u(U02)2(As04)2.8H20 ; urcvnospinite, 
Ca(U02)2(AsC)4)2.8TL20, corresponding to the phosphates, chalcolite 
and autiinite ; and walpurgite, a basic bismuth uranyl arsenate. Com- 
pounds having the same composition as zeunerite and uranospinite 
may be formed artificially ^ by mixing a solution of precipitated co|3per 
carbonate, or of lime, in excess of arsenic acid with a solution of uranyl 
acetate or nitrate ; on allowing to crystallise, rectangular laminae are 
obtained. By similar means the ammonium salt, NH4UO2ASO4, con- 
taining 8 and 5H2O, has been prepared.'^ The potassium salt is not 
easily ol)tained, since the product resulting from double decomposition 
between potassium arsenate and a uranyl salt varies in composition 
with the concentration of the solutions.^ The salt, KU02As04.3*5H20, 
has been ol)tained,^‘ by the prolonged action of arsenic acid on potassium 
uranate, as a yellow powder, stable towards water. 


Uranium and Antimony. 

Uranous Antimonide, U3Sb4, is not obtained by the ordinary 
methods used for the arsenide^ (see p. 332 ). By fusing a mixture of 
sodium uranous chloride, antimony, and aluminium Colani obtained a 
silvery white mass practically free from aluminium. The product 
resembled the phosphide and arsenide in properties, and produced 
vivid sparks when projected into the Bunsen flame. 

Uranous Antimonate. — By the addition of sodium metanti- 
monate to a solution of uranous chloride, a precipitate, apparently 
uranous metantimonate, is obtained.® It is insoluble in acids. 

Uranium and Carbon. 

Uranium Carbide, UC2, was first prepared by Moissan ® by heating 
together urano-uranic oxide (50 parts) and sugar charcoal (6 parts) 
in tlie electric furnace. By employing a current of 900 amperes and 
50 volts, the reaction was complete in five minutes, and the fused mass 
on cooling yielded a lustrous, crystalline solid, of density 11*28 at 

^ Wert her, loc. cit, 

^ Werther, J. praM. Ghem., 1848, 43, 321. 

® Winkler, loc, cit. See also Goldschmidt, Zeitsch. Kryst. Min., 1899, 31, 468. 

^ Lienan, Dissertation, Berlin, 1898 ; Puller, Ghem. Zentr., 1871, p. 219. 

s Werther, loc. cit. See Abegg-Auerbach, HandbucJi der anorganischen CJiemie, 
Leipzig, 1921, IV., 1, ii., 954. 

« Rimbach, with Biirgher and Grewe, Ber., 1904, 37, 461. 

Colani, loc. cit. 

^ Rammelsberg, loc. cit. 

9 Moissan, Gompt. rend., 1896, 122, 274; Le four Gectrique;^ Paris, 1897, p. 238. 
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18° C. It may also be obtained ^ by fusing the requisite quantities of 
uranous oxide and carbon in a Ruff electric vacuum furnace.^ The 
formula U2C3 was given to the product by Moissan, but by careful 
analysis and metallographic investigation it has been shown ^ that the 
composition is correctly expressed by the formula UCg. The carbide 
is harder than quartz, but not so hard as corundum. It is often pyro- 
phoric, and is readily oxidised ; it inflames readily on crushing in an 
agate mortar, and will emit sparks when merely shaken in a strong 
glass vessel or when two pieces of the carbide are rubbed together. 
It melts at a temperature somewhat above 2250° C.^ It is attacked by 
fluorine at low temperatures, yielding uranous fluoride, but if a little 
chlorine is also present, the product is uranic fluoride, IIFg.^ It reacts 
with chlorine at 350° C. ; with bromine at 390° C. ; with iodine below 
red heat ; with nitrogen, yielding nitride, at 1100° C. It burns readily 
in oxygen at 370° C., forming the green oxide. 

Uranium carbide is decomposed by water. The reaction proceeds 
slowly, and a mixture of solid, liquid, and gaseous hydrocarbons is 
produced. The gaseous product, which accounts for about one-third 
of the carbon present,^ consists of a mixture of the lower paraffin and 
olefine hydrocarbons, with a little acetylene, and from 30 to 60 per cent, 
of free hydrogen.® The carbide is attacked by dilute mineral acids in 
the cold ; by concentrated acids on warming. Nitric acid decomposes 
it most readily. Hydrogen chloride and hydrogen sulphide react at 
about 600° C. Uranium carbide is used as a catalyst in the synthetic 
production of ammonia. 

Uranous Carbonate has not been prepared. The addition of an 
alkali carbonate to uranous chloride solution causes an evolution of 
carbon dioxide and precipitates an unstable basic carbonate. 

Uranyl Carbonate occurs in a fairly pure condition in the mineral 
mtherfordine (see p. 273). It has not been obtained artificially. The 
addition of an alkali carbonate to solutions of uranyl salts yields pre- 
cipitates of varying composition consisting of basic carbonates sometimes 
mixed with uranate.'^ 

Complex Uranyl Carbonates. — A large number of double car- 
bonates exist, usually of the type R’4U02(C03)3. 

Ammonium Uranyl Carbonate, (NH 4 ) 4 U 02 (C 03 ) 3 . 2 H 20 , is 
obtained by dissolving freshly precipitated ammonium uranate in a 
solution of ammonium carbonate at 60° to 70° C. ; ® or by treating a 
soluble uranyl salt with ammonium carbonate and ammonia.® In 
either case a yellow solution is formed which on evaporation deposits 
yellow monociinic crystals of the double carbonate. The same com- 
pound results on mixing concentrated solutions of ammonium car- 
bonate (3 molecules) and uranyl nitrate (1 molecule) at 50° to 55° C., 


1 Ruff and Heiiizeimann, Zeitsch. anorg. GJiem., 1911, 72> 63. 

2 See Ruff, Ber., 1910, 43 , 1564. 

2 Lebeau, Gompt. rend., 1911, 152 , 955 ; Bull. Soc. chim., 1911, [4], 9 , 512. 

^ Tiede and Birnbrauer, Zeitsch. anorg, Gliem., 1914, 87 , 129 ; Ruff and Heinzelmann, 
loc, cit . ; Ruff and Goecke, Zeitsch, angew, Glmn., 1911, 24 , it, 1459. 

Moissan, loc. cit. 

® Lebeau and Damiens, Gompt. rend., 1913, 156 ? 1987. 

7 0. de Coninck, Bull. Acad. roy. Belg., 1904, p. 363 ; vSeubert and Elten, Zeitsch. 
anorg. Ghem., 1893, 4 , 79 ; Parkmann, Amer. J. Sci., 1862, [2], 34 , 326. 

® Ebelmen, Ann. Ghim. Phys., 1842, [3], 5 , 189. 

Burcker, J. Pharm. Ghim., 1878, [4], 27 , 347. 
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and allowing to cool.^ The crystals have density 2-77.2 They lose 
ammonia slowly on keeping ; ^ rapidly when heated to 130° C leaving 
a re.sidue ot nraiuc anhydride. The earbonate ^ dissolves in water 
but the solution decomposes on warming. The solubility at 18-6° c’ 

INIT n t , rr n ammonium salt, 

(Nll4)(j(lJOo)o(C()3)5. k IS obtained 1 if ammonium carbonate and 

nn proportion, (NhI,),C 03 , 5 molecules : 

UU^NU3)2, 1 molecule. It separates as a yellow crystalline crust. 

Calcium Uranyl Carbonate, CaUO,(CO3)3.20H,O, occurs in 
natme iis iumgiU (sec p. 273). Voglite is a similar mineral containino- 
pmno</wii/te is a double carbonate of calcium and uranium'' 
Ca2U(CO.j);j.l0H2O (also see p. 273). 

Potassium Uranyl Carbonate, K,U 03 (C 03 ) 3 , may be prepared 
by tlie a,ction ol carbon dioxide on potassium uranyl cyanide,® or by 
e\a|)oiatiug at moderate temperature a solution containing potassium 
bicarbonate and potassium uranate.^ It crystallises in small hexagonal 
pi is ms, which are stalile in dry air and dissolve in cold water without 
decom|)osition. The solution is hydrolysed on warming, and the 
addition of alkali causes precipitation of uranyl hydroxide. 

Sodium Uranyl Carbonate, Na 4 U 02 (C 03 ) 3 , is obtained by 
evaporation of a solution of freslily precipitated sodium uranate in 
sodium bicarlionatc solution ; ’ or by the addition of sodium carbonate 
in excess to a solution of uranyl acetate.® It separates as a yellow 
crust. 

Thallium Uranyl Carbonate, Tl 4 U 02 (C 03 ) 3 , separates as a 
crystalline precipitate on the addition of thallous nitrate to a solution 
containing uranium in presence of a carbonate.® It is extremely 
insolulile in water, and the crystals, which are characteristic, may 
ser\^c for the microehcmical detection of uranium. 


Uranium and Cyanogen. 

Uranous and uranyl cyanides have not been jirepared. The addi- 
tion of potassium cyanide to solutions of uranous or uranyl salts causes 
evolution oi* hydrogen cyanide and precipitation of hydroxide. If, 
liowevt^r, an (‘xc*ess of potassium cyanide is added to a solution of a 
uranyl salt, a, ch^ar solution results, which on further addition of the 
cyanide yields a microcrystalline precipitate of the double cyanide, 
K 2 U() 2 (CN) 4 .® The solution is unstable in the air and gradually 
releases hydrogen cyanide. The precipitate is also very unstable, 
and is transformed to a double carbonate by the atmospheric carbon 
dioxide. 

Potassium Uranyl Ferrocyanide. — The addition of potassium 


' Giolitti and Vecchiavelli, Gazzetta, 1905, 35 > ii-j l^O. 

For cryHtallographic data, see Keferstein, Pogg, Annalen, 1856, 59 , 275 ; de la 
Prov()rttay(‘, vl /uo Chwi. Phys., 1842, [3], 6, 165. 

tSuhiundt and Moore, Physikal Zaitsch., 1908, 9 , 81. 

^ For |)(‘r().Kide derivative of this carbonate, see p. 313. 

® .Fbtdmcn, loc. cit. ; jUinalen, 1842, 43 , 286. 

« Aloy, Ann. Ghim. Phyn., 1901, [7], 24 , 412. 

Fdadnien, loc. cit. 

« Anthon, DingL poly. J., 1860, 156 , 207, 288. 

« Bcdirtais-Klov, Bee Abegg- Auerbach. Handhuch der anorgamschen Chemie, Leipzig, 
1921, IV , 1 , ii., 965. 
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ferrocyanide to a solution of uranyl nitrate produces a brown precipi- 
tate of a potassium uranyl ferrocyanide, the composition of which, 
according to Wyrouboff.i is K2U02Fe(CN)s.6H20 ; but according to 
Atterberg ^ is IV(j(U02)5[Fe(CN)8]4.12H20. ^ 

Uranyl Platinocyanide ® is formed by double decomposition 
between barium platinocyanide and uranyl sulphate. If the solution 
is crystallised at ordinary temperature, red crystals with strong green 
metallic reflexion are deposited ; but if the solution is evaporated on 
a water-bath, yellow crystals separate, which turn reddish green^on 
cooling. The latter product changes back to the yellow form at 89° C. 
The tlvo forms probably represent different degrees of hydration. 
Unlike most uranyl salts, the platinocyanide does not fluoresce. 

Uranyl Cyanate, U02(CN0)2, separates^ as a golden-yellow 
powder when alcohol and excess of uranyl nitrate are added to a solu- 
tion of potassium uranyl cyanate, K2U02(CN0)4. The cryoscopic 
behaviour of solutions of uranyl cyanate containing various proportions 
of potassium cyanate indicates that the double potassium uranyl 
salt is present in solutions containing an excess of potassium cyanate. 
The same complex, which may be formulated [U02(CN0)4]K2, is 
obtained as a voluminous yellow precipitate, possessing a greenish 
fluorescence, by adding a fresh alcoholic solution of potassium cyanate 
to a neutral solution of uranyl nitrate. It is very soluble in water, 
and, owing to hydrolysis, the solution responds to all the tests for 
uraiiium, but on ‘keeping, an orange-yellow precipitate of composition 
[(UOo) 2(CNO)5]K is formed. If, however, an excess of potassium 
cyanate is present in the solution, a golden-yellow precipitate of 

composition [U02(CN0)3]K separates. , , . , 

Uranyl Thiocyanate, U02(CNS)2.8H20, may be obtained by the 
addition of barium thiocyanate to a solution of uranyl sulphate, and 
evaporation of the resulting red solution in a vacuum over sulphuric 
acid. It separates in orange-yellow needles, which are very hygro- 
scopic and readily dissolve in water, alcohol, ether, and acetone ; 
ether may be used for extracting it from its aqueous solution. The 
addition of pyridine to its aqueous solution precipitates a crystalline 

salt of composition 6U02(CNS)2.U03.a;H20. 

Double salts of the types R'gUOaCCNS )5.6H20 andR'5U02(CNS ),.2H20 
are formed on the addition of an alkali thiocyanate to a solution of 
uranyl thiocyanate. On evaporation, the double compound separates 
in orange-yellow to dark red, very deliquescent, crystals. The alkaline 
earth metals only form double salts of the type R"U02(CNS)4.6H20. 
None of these double thiocyanates in aqueous solution exhibits the 
properties of a complex salt. Cryoscopic measurements indicate a 
complete dissociation into the simple ions. 


Uranium and Silicon. 

Uranium Silicide, USi2, is obtained from a mixture of urano- 
uranic oxide (56 parts), silica (180 parts), aluminium filings and flowers 

1 Wyrouboff, Ann. Ghim. Phys., 1876, [5], 8, 483 ; 1886, [6], 8, 340. 

2 Atterberg, Bull. Soc. chim.f 1875, 24, 355. 

2 Levy, Proc. Camh. Phil. Boc., 1907, 14, 159. 

^ Pascal, Gom,pt. rend., 1913, 157, 932 ; Bull. Soc. chim., 1914, [4], 15, 11. 
s Pascal, Comft. rend., 1914, 158, 1672. Gf. Skey, Ghem. News, 1867, 16, 201, 
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of sulphur (each 250 parts), by the aluminothermic method.^ The 
yiytion IS treated successively with dilute hydrochloric 
acid, sodium hyclroxide, aqua regia, dilute hydrochloric acid, sodium 

S V ^ ^ The sihcide remains as lustrous, 
^ley, cubic cpystals, of density 8-0. It is stable towards acids, except 
hydroiluoric acid. It burns slowly in oxygen at 800“ C. Chlorine 
u acts at ,>00 C., giving a mixture of uranous and silicon chlorides. 
I used alkalies oxidise it completely at red heat to uranate and silicate. 

Ur any! Silicate is formed as a crystalline precipitate when a solii- 
tion^oi sodium silicate is added to a 10 per cent, solution of a uranyl 


... Hydrated Silicates of uranium occur in nature as gummite and 
allied nimeials (see p. 273) ; uranophane or uranotil is a complex calcium 
uranyl silicate. 

A silicofiuoride of uranium has been described. It is soluble in 
water and in alcoliol. 


Uranium and Boron. 

Uranium. Boride, UB 2 , is obtained in silvery-grey fragments 
l)y jiassing an electric arc between electrodes (made by compressing 
an intimate mixture of powdered metallic uranium and amorphous 
boroii^) in a vacuum electric furnace. The boride is stable towards 
alkalies and acids, except hydrofluoric and nitric acids. It is readily 
attacked by fused alkali hydroxide. 

Uranyi Borate. — Uranyl salts are precipitated by the addition of 
a solution ol‘ liorax.'^ 

Uranyl Perborate, UBO^, is a yellow, stable compound obtained 
by the action of a perborate solution on uranium dioxide.® Like other 
))erborates, it acts as a strong oxidising agent, and with water or dilute 
acids it forms hydrogen peroxide. 

A complex uranyl borotungstate has been described.’^ 


Detection and Estimation of Uranium. 

Metallic uranium dissolves readily in hydrochloric or sulphuric 
acid, l)ut is rather less soluble in nitric acid. It is insoluble in alkaline 
solutions. The colours of uranium compounds are distinctive, uranous 
salts being green or blue and forming green or bluish-green solutions, 
whilst tlie ura,nyl salts are yellow. The former act as powerful reducers ; 
the latter are more stable and are in more general use. Both in solution 
exhibit cliaractcristic absorption spectra.® 

Detection in the Dry Way. — When a uranium compound is heated 
in a borax liead, or in a bead of microcosmic salt, in an oxidising flame, 
an oiTinge-yellow coloured bead results which may become greenish on 
cooling. In the reducing flame the bead assumes a green colour. 

Detection by Reactions in Solution. — Solutions of uranous salts 

^ Com-pt, rend., 1908, 147 , 1050 ; Bull. Soc. chim., 1909, [4], 5 , 3. 

^ Bornl-riinior, Jahresber., 1893, p. 401. 

Stolba, Zribu'Ji. anal. Ghem., 1864, 3 , 72. 

Wedekind, Her., 1913, 46 , 1198. 

.Richtc'r, (kdilen's J. der Ghem., 1804, 4 , 402. 

^ Bruliat and Dubois, Oompt. rend., 1905, 140 , 506. 

7 Klein, BuU. Hoe. chim., 1881, [ 2 ], 36 , 207 ; Ann. Chim. Phys., 1883, [5], 28 , 391. 

” See p, 28L Also Meyer and Greiilich, Physical. Zeitsch., 1921, 22 , 583. 
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are rapidly oxidised in air, especially in sunlight or in ultra-violet light. 
The addition of alkali precipitates reddish-brown uranous hydroxide, 
insoluble in excess, but soluble in ammonium carbonate. Solutions of 
uranyl salts give with alkali hydroxides and carbonates a yellow amor- 
phous precipitate of the alkali diuranate, which dissolves in ammonium 
carbonate, forming a soluble double carbonate. The following precipi- 
tation reactions also reveal the presence of uranyl salts in solution : 

1 . An alkali phosphate precipitates yellow uranyl hydrogen phosphate, 
UO2HPO4, or in presence of an ammonium salt, uranyl ammonium 
phosphate, UO2NH4PO4 (see p. 330 ) ; uranium may be qualitatively 
separated from chromium and vanadium by this meansA 

2. Potassium ferrocyanide produces a brown coloration in very 
dilute solutions ; with more concentrated solutions a brownish-red 
precipitate of potassium uranyl ferrocyanide results (see p. 335 ). 

3 . Ammonium sulphide gives a brown precipitate of uranyl sulphide, 
which on prolonged heating decomposes with separation of sulphur and 
hydrated uranous oxide. 

Uranyl salts may be reduced in solution to the green uranous condi- 
tion by means of zinc and dilute acid, or more slowly by means of 
oxalic acid. 

Solutions of uranyl salts are not precipitated by the addition of 
cupferron, the ammonium salt of niti'osophenyl-hydroxylamine, but if 
first reduced by means of zinc, all the uranium may be precipitated in 
acid solution by means of this reagent.^ The precipitate is soluble in 
chloroform. This reaction affords a means of separating vanadium and 
uranium by successive precipitation. 

The presence of uranium may be detected in ores or slags by adding 
an excess of zinc to a solution in nitric acid. When the reaction sub- 
sides, a yellow deposit, apparently of the hydrated trioxide, UO3.2H2OJ 
remains on the zinc.^ The test is not applicable in presence of hydro- 
chloric or sulphuric acid, and it is not successful in presence of large 
quantities of iron or vanadium ; other metals likely to be present, 
e.g, Au, Pt, Th, Pb, W, Ti, Cr, Hg, Cu, do not interfere. 

For the microchemieal detection of uranium, the formation of 
either thallium uranyl carbonate or sodium uranyl acetate may be 
employed. 

Gravimetric Estimation. — Many methods for the quantita- 
tive determination of uranium have been described, but the following 
appear to be the most trustworthy : ^ (1) precipitation with ammonia 
as ammonium diuranate, and ignition to urano-uranic oxide; (2) 
precipitation of uranyl ammonium phosphate by means of ammonium 
phosphate in presence of ammonium acetate, and ignition of the pre- 
cipitate to uranyl pyrophosphate ; and ( 3 ) precipitation as uranyl 
sulphide by means of ammonium sulphide, and ignition to urano-uranic 
oxide. 

In the first process the solution containing the uranyl salt is made 
slightly acid with hydrochloric or sulphuric acid and treated with a 
slight excess of ammonium hydroxide (free from carbonate) at the 
boiling-point. It is best to avoid the use of glass vessels as the 

1 Browning, J. Amer. Ohem, Soc,, 1921, 43, 114. 

2 Auger, Compt. rend., 1920, 170, 995. See also Angeletti, Gazzetta, 1921, 51, i., 285. 

3 Buell, J. Ind. Eng. Chem., 1922, 14, 593. 

Pierle, ibid., 1920, 12, 60 ; Schwarz, Helv'jOhim. Acta, 1920, 3, 330. 
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cipitate shoukth silica. The ignition of the pre- 

3 ofv . V 5 ^ carried out in a porcelain crucible allowing access 
to an as platinum permits diffusion of gases from the flame which 
Kmite ^ reduction. It has been considered i to be more accurate to 

ox dc Im't rn a stream of hydrogen and weigh as uranous 

oxide, but tins IS not the case, owing to the formation of nitride.^ 

ihe phosphate method is difficult owing to the fineness of the 
piecipitate,' and a complete separation from the alkali metals is almost 
impossible. After boiling for about fifteen minutes, the precipitate 
becomes crystalline and is more easily filtered. Precautions must be 
taken m cooling and weighing the ignited uranyl pyrophosphate since 
It rapidly absorbs moisture. 


I recipitation with ammonium sulphide is best performed at 80° C. 
Ill presence of ammonium chloride. Some ammonium uranate is 
alwa_ys formed, and complete separation from the alkali metals is only 
obtained by repeating the precipitation.^ The results obtained by this 
method are liable to be high owing to some sulphide being oxidised to 
sulphate during ignition.^ 

Other methods, such as precipitation with hydrogen peroxide,® or 
precipitation with hydrogen fluoride after reduction to the uranous 
condition,'^ are less satisfactory.® 

Uranium minerals may be obtained in solution, in a suitable condi- 
tion for estimation, by the following process. The ore is dissolved in 
aqua regia, or, if necessary, fused with alkali bisulphate and extracted 
with hot hydrochloric acid. After evaporation to dryness, the residue 
is taken up with dilute hydrochloric acid, and the solution saturated 
with hydrogen sulphide in order to remove any copper, lead, bismuth, 
arsenic, antimony, or any other metal yielding an insoluble sulphide. 
The filtrate is concentrated and treated with ammonium carbonate, 
which precipitates the carbonates of the alkaline earths, iron, and most 
of the rare earths. The filtrate is neutralised by hydrochloric acid, 
evaporated to dryness, and the residue ignited to drive off ammonium 
salts, and then redissolved in dilute acid. The remaining rare earths, 
and particularly thorium, are next precipitated by the addition of 
oxalic acid.^ The filtrate, which contains the uranium in the uranyl 
condition, may now be precipitated by any of the methods described 
above. 


^ Rose, Zedtsch, anal. Ohem., 1862, i, 411 ; Remele, ibid.,, 1865, 4 , 371 ; Zimmermann, 
Annalem,, 1879, 199 , 15 ; 1882, 216 , 1. 

^ Kern, %T. Armr. Ghem. Soc., 1901, 23 , 685 ; Schwarz, loc. cdt. See also Giolitti, 
Gazzetta, 1904, 34 , ii., 166 ; 1905, 35 , ii., 145. 

® Newton and Hughes, J. Amer. Ghem. 80 c., 1915, 37 , 1711. 

^ Schwarz, loc. cit. Gf. Schoep and Steinkuhler, Bull. Soc. cJiim. Belg., 1922, 31 , 156. 

Pierle, loc. cdt. 

^ Wunder and Wenger, Zedtsch. anal. Ghem., 1914, 53 , 371. Gf. Aloy, Bull. Soc. chim., 
1902, [3], 27 , 734. 

’ Giolitti, loc. cit. 

^ See also Siemssen, Ghem. Zeit., 1911, 3 S> 139, 742. 

® See Hauser, Zedtsch. anal. Ghem., 1908, 47 , 677. 

For alternative methods for the treatment of ores, see Patera, Bingl. poly. J., 1866, 
180 , 242 ; Winkler, Zeitsch. anal. Ghem., 1869, 8 , 357 ; Borntrager, ibid., 1895, 34 , 437 ; 
Glaser, Ghem. Zedt., 1912, 36 , 1166; Schoel, J. Ind. Eng. Ghem., 1919, ii, 842; Scott, 
ibid., 1922, 14 , 531 ; Brinton and Ellestad, J. Amer. Ghem. Soc., 1923, 45 , 395; Riss, 
Ghem. Zedt., 1923, 47 , 765. For the estimation of uranium in steels and in ferrouranium, 
see Konig, Ghem. Zeit., 1913, 37 , 1106; J. Ghem. Soc., 1913, 104 , A, ii., 985; Kelley, 
Meyers, and Illingworth, J. Ind. Eng. Ghem., 1919, ii, 316. 
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Electrolysis. — Uranium salts in solution in acetic acid may be 
quantitatiA’^ely separated by electrolytic means. The uranium is com- 
pletely precipitated at the anode as hydrated oxide, and this may be 
converted by ignition to iirano-uranic oxide, and weighed as such.^ A 
rotating anode should be used. 

Volumetric Methods for estimating uranium are less satisfactory 
than those described above. The usual course is to reduce the uranium 
to the uranous condition by means of zinc and sulphuric acid, and then 
to titrate the solution with a standard solution of permanganate.^ 
The uranium is re-oxidised according to the equation : 

5U(S04)2+2KMn04-f2H20=2KHS04+2MnS04+H2S04+5U02S04. 

According to Pierle ^ the method is inaccurate owing to the uranium 
being reduced beyond the uranous condition, and it does not appear 
possible to eliminate this error, or to take the reduction to any further 
definite point. The reduction is less satisfactory in hydrochloric acid 
solution, or by means of stannous chloride. Rapid reduction may be 
obtained by shaking with zinc amalgam.^ The end point in the titra- 
tion may be observed directly, as the green solution gradually becomes 
yellow and finally assumes a pink tinge ; or the process may be fol- 
lowed electrometrically.^ Methods of titration involving the use of 
dichromate ® and of potassium iodide ’ have been described. 

A colorimetric method of estimating small quantities of uranium 
in solution depends upon the red colour obtained when a uranyl salt is 
treated with sodium salicylate.® Free mineral acid, iron, acetic acid, 
alcohol, or acetone must be absent, but neutral alkali salts do not 
interfere. 

The frequent occurrence of vanadium in uranium minerals renders the 
separation of these two metals of importance. One method in use is 
based on the solubility of uranyl nitrate in ether,^ whilst vanadic and 
also molybdic and tungstic acids are insoluble. A solution containing 
these substances may therefore be evaporated to dryness, and the 
uranyl salt extracted from the residue with ether. Another method 
depends upon the fact that uranyl nitrate is readily soluble, whilst 
vanadium compounds are insoluble, in acetic acid of 95 per cent, strength 
to which nitric acid has been added in the proportion 1 : 20.^® 

^ Smith and Wallace, J. Amer. Ghem. Soc., 1898, 20 , 279 ; ZeitscJi. EleJctrochem.y 1898, 
8 , 167 ; Kollock and Smith, J. Amer. Chem. Soc.y 1901, 23 , 607 ; Wherry and Smith, 
ibid., 1907, 29 , 806 ; Fischer and Rideal, Zeitsch. anorg. Chem., 1913, 81 , 170. 

2 Pulman, Amer. J. Sci., 1903, [ 4 ], 16 , 229 ; Kern, J..Amer. Chem. Soc., 1901, 23 , 685 ; 
Hillebrand, U.S. Geological Survey, 1889, 78 , 90. See also Newton and Hughes, J. Amer. 
Chem. Soc., 1915, 37 , 1711. 

^ Pierle, J. Ind. Eng. Chem., 1920, 12 , 60. 

^ Ibbotson and Clarke, Chem. News, 1911, 103 , 146 ; Nakazono, J. Chem,. Soc. Japan, 
1921, 42 , 761 ; Kikuchi, ibid., 1922, 43 , 544 ; Kano, ibid., 1922, 43 , 550. 

^ Ewing and Eldridge, J. Amer. Chem. Soc., 1922, 44 , 1484 ; Gustavson and Kniidson, 
ibid., 1922, 44 , 2756 ; Kano, loc. cit. 

® Ewing and Eldridge, loc. cit. 

’ Glassmann, Ber., 1904, 37 , 189. 

® Muller, Chem. Zeit., 1919, 43 , 739. 

® Peligot, Ann. Chim. Phys., 1842, [3], 5 , 1. 

Pierle, loc. cit. See also Finn, J. Amer. Chem. Soc., 1906, 28 , 1443 ; Campbell and 
Griffin, J. Ind. Eng. Chem., 1909, i, 661 ; Moore and Kithil, “A Preliminary Report on 
Uranium, Radium, and Vanadium,” Washington, 1913, Bureau of Mines Dept, of the 
Interior Bulletin, 70 ; Turner, Amer. J. Sci., 1916, [4], 42 , 109. 



CHAPTER X. 

THE RADIOACTIVITY OF URANIUM. 

The radioactivity of uranium ^ was first observed in 1896 by Becquerel,^ 
who wrapped a photographic plate in thick black paper and placed 
upon it a paper containing potassium uranyl sulphate ; the whole was 
exposed to sunlight for several hours, and on development of the plate 
a black silhouette of the substance was obtained. That the effect was 
not due to fluorescence was shown by the faet that uranous salts which 
did not fluoresce were similarly • active ; nor was exposure to light 
necessary, for crystals of such salts which had been deposited in the 
dark and had never been exposed to light produced the same results. 
The radiations emitted resembled the X-rays discovered by Rontgen 
in tlie previous year ,* they were able to penetrate solid matter, to 
ionise gases, and to produce fluorescence in certain substances, such as 
zinc sulphide. They differed, however, in being emitted spontaneously 
and being unaffected by changes of temperature or of other conditions. 
It has been observed, for example, that the activity of uranium is the 
same at 1000° C. as at ordinary temperatures.^ The property is pos- 
sessed by all uranium compounds, and the activity remains undiminished 
after long periods.^ It is not appreciably affected by exposure to 
cathode rays.^ The metal is more strongly active than any of its pre- 
parations, whilst naturally occurring ores of uranium are even more 
active than the pure metal itself, owing to the presence of small quanti- 
ties of the more highly radioactive element, radium.^ Indeed, it was 
this remarkable fact that led to the search for and discovery of radium. 

The radioacti vity is due to a property possessed by the atoms of the 
element of undergoing spontaneous degradation with the emission of 
radiations. The latter may be of three types : a-rays, consisting of 
positively charged particles of helium ’ or helium nuclei containing four 
positive units and two negative — that is in effect, an algebraic total of 
two positive charges ; ^-rays, consisting of negative electrons ,* and 

^ The phenomenon of radioactivity is more fully discussed in Vol. III., Part I., of this 
series. 

2 Becciuerel, Compt. rend.^im^, 122 , 420, 501, 559, 689, 762, 1086. 

» Forsyth, PUl. Mag,, 1909, [ 6 ], 18 , 207. 

^ Becquerel, Compt. re7id., 1899, 128 , 771. Compare Staehling, ibid., 1919, 169 , 1036 ; 
1921, 173 , 1468. 

® Jorissen and Vollgraff, Ohe^n. Weekblad, 1914, ii, 832. Comx^are Jorissen and 
Ringer, ibid., 1907, 4 , 242 ; Olie, ibid,, 1909, 6 , 683 ; La Rosa, Nuovo Ghn., 1913, [ 6 ], 5 , 
i., 73. 

® M. and Mine. Curie, Gompt. rend., 1898, 127 , 175 ; M. and Mme. Curie, and Bemont, 
ibid., 1898, 127 , 1215. See also McCoy and Ross, J, Amer, Ghem, Soc., 1907, 29 , 1698. 

7 The actual production of gaseous helium from uranium has been observed. See 
Soddy, Nature, 1908, 79 , 129 ; Le Radium, 1908, 5 , 361 ; PhysiJcal. Zeitsch., 1909, 10 , 41. 
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y-rays, similar to X-rays but more penetrating, which generally accom- 
pany the emission of jS-raysA By the expulsion of an a-ray the mass 
of the atom must be decreased by four units, so that an element of 
lower atomic weight will remain, but one with two positive charges of 
electricity fewer, and thus in general occupying a position in the Periodic 
Table two vertical columns to the left of that occupied by the original 
element. Emission of jS- and y-rays must result in a change in the 
energy content of the atom, so that again a new element is produced, 
although of the same atomic Aveight as the old. 

These new elements may themselves be radioactive, and produce 
in their turn other new elements, so that if a preparation containing a 
radioactive element, such as uranium, be left untouched for some time, 
there will be present not only uranium but a number of its disintegra- 
tion products as well. 

The rate at which one substance is produced from another depends 
upon the rate at which the parent substance emits a- , or j8-particles. 
The time taken for the mass of a radioactive element to be reduced to 
half its original value is called the “ period of half-change ” of the 
element. This varies greatly with different elements, but it is a useful 
factor, since it bears a constant relation to the fraction disintegrating 
in unit time. This is expressed by the equation 

0*6930 
A ’ 

where P is the period of half-change and A is the radioactive constant, 
or fraction disintegrating in unit time. 

- It is clear from the above relation that the radioactive elements 
with long periods will change only slowly, emitting comparatively few 
rays, whilst a similar quantity of a short-period element will emit rays 
much more rapidly. Moreover a-particles emitted from elements of 
short life travel with a higher velocity and are consequently of greater 
range than a-particles from elements of longer life. 

A radioactive substance may also be distinguished by its ‘‘ average 
life,” i.e. the average of the periods during which all the atoms of the 
element survive before undergoing disintegration. It is denoted by L 
and is the reciprocal of the constant A, and thus equals 1*443 P. 

The Uranium Series. — Ordinary uranium preparations emit 
a-, and y-rays. The a-rays alone come from the element uranium, 
the j8- and y-rays coming from products of its disintegration. By 
expulsion of one a-particle, the atom of uranium, of atomic weight 
238, produces an atom of a new element, known as uranium X^, of 
atomic weight 234. This new atom is more unstable than the original 
uranium atom and emits a jS-particle, producing an atom of another 
new element, known as uranium Xg, of the same atomic weight as 
uranium X^. 

It was observed by Boltwood ^ in comparing the ionising power of 
uranium, deprived as far as possible of all its disintegration products, 
with the ionising power of the other a-radiating members of the series, 
that the uranium expelled twice the number of a-particles given out by 
any of the other members in equilibrium with it. This was confirmed by 

1 For a full account of the properties of a-, 5-, and y-rays, see this series, Vol. III., 
Part L, pp. 277-282. 

^ Boltwood, Amer. J. Sci., 1908, [4], 25 , 269. 
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vimnwtniHHi of the a-{)artieles hy t\w sciivtilhvtion method, ^ and 
dei t-rnuoat iotis ot' tlu* sii^_ii:<‘sted that a-partieles of two slightly 

tlitlrriie*: ranees wrrt' heiiig tanilital, one of range ‘2-5 cm. at 15° C. 
and the ntht-r 2 enn 'rinis tlu‘ prt'senee in nraniiim of two different 
elrnaads, <'aeh nnitling n part iel<‘s, wa,s indieahal. These are probably 
is(itnpi(\ sinee flaw appear to possess id(‘ntieal eheinieal |)roperties and 
eannot as \ et lx* separated. I'heir afoniie weights should, however, differ 
b\ fi»ur units: the tirst, «)f atomi(* W(‘ight 23»S. is known as uranium I ; 
I In* seeond., of at omit* Weight 2*M‘, as uranium M (sec* |)p. 285, 348). The 
latt<*r IS prodtieed from urmuuin X.^ by c‘xpulsion of a. jS-|)article. We 
thus ha\r the follow ing selu'uu* : 


l‘ranium I -Uraniiun Xj 'Uranium X 2 ~“ Thauiiuni II — 

238 231* 231. “ 234 

It has already iHaai observ<*d (p|). 277, 3l.l) that radium oceurs in 
jiraetieall\ all uranium minerals, and if was c‘arly suggested that radium 
was a disintegrat ion prodmh of uranium. This eonteution wars sup- 
porti‘d b\ th<’ fae! that in old unaltc*rc*d minerals the ratio of radium 
to uranium is praetieally c’onstanl, lieing 3* M) 1 0-03 X 10“’^ on the 
Intermit tonal Itadium Standard.” The* eonstanc*y of tliis ratio is 
assumed to tie dm* to ra.dioa.et ivc* e(|uilibrium bc^iug attained t)etwc*en 
the uranium and its iiroduels. Undm' su(‘h eonditions the aniounts of 
a parent suhstama* and its suetH*ssive products |)r(\seut togetlier are 
in\ersel\ prtij lort ional to the* res|)eelivi‘ rales of (‘hangc*.’^ Tlie ainount 
of railium present is thus goM’rmal by its rcTilive rate's of formation 
and de!u*adattom so that the ratio, radium : uranium, will lie eoiistant 
when the s|)ei*ds of t h<‘ ofiposiug rcsieiions are lialaneed. Socldy ob- 
srrsed that radium gradually app<‘ar<‘d in a. earc'fully lairihed solution 
of uranium uilratt* fn‘ed from uranium X, but only very slowly, and 
eoududi’d that an unknown iutermtaliale prcuhu't ()f slow transidrniatm^^^^^ 
oeinrn*tl between uraiuum II ami radium. Ihiltwood, in 1907, showed 
ilial this miermediate prodiu't, whieh lu* eaflcal ionium, could lie isolated. 
\\r now have the gen<‘tit* eonmadion hetwc'en uranium and radium as 
follow s : ^ 

ri " X’Xi XiX, '' >IHI >I<) 


'S.m 

lu luidili.ut 1.* r.'uliinu, u (‘oiistunt <>l uruniiuu Jiiiiicials, 

ui iitnmtiU ]iniiiort iniial to tlu' iinuiimii piTsc-nt, is iictinMun. It docs 
not MTin I'ikclv, ho\M'\iT, iluit this element enn be placed in the direct 

. i;. ..,..-.' mi.l I’hil. Mm,., tlltO, lli|, 20 . (i!)l ; Lr. KmHim lOlO, 7 , 225; 

n,.,,. mm, 84 . \\\. ir>l ; Knch, u Jlmlium, tin l, 8 , lOl ; (ieiffci- and 
Niili.ill. /7.r/, mi 2 . |iil. 2;5. ilt'.i. , „ , 1 . , 1 , 

l.„„l .-.nd t:..!...,!-,, ./. I'l.m.. «»•.. 11(20. 42. 

tWxo/U. /ddun.x,, 1133. UU t 8 «x‘ also timl aivl \Vhi 

Kullirili.id. /7n7. Mmi: mit.ln]. 28,220; Soil.ly, » iw/.. tOOH, 1<>|, l6. (>.!-; pi- 

,„,.nn .uni Mo.'ta.dd. rlnlMM. /,,!!.■<, ■I, lOi:!. 14 , 80-* 5 <• “g ' ' ' ’ 8, 

; M.„vk«..l,t .ind I!' r.. 1111 1. 44 . ; lip.wamp.lwrr. ./. .Sn., .K(S. - . 25, 

gtia ' lam, ' J ^ a7 ; ttudu-rfonl lUxl Bettwnud, ihtd.y hH)(), |4j, 22, 1 , ./ 1 ’i 
.» bln thV ivi.itimn Id tuoni uranitnii and radium, him* uIho tcvni, 
mu;. K, sm; .s...l,l> a.i.l Ma.'Kuu/.i.-. I'hil. Mmj., 11107. l(i|, 14 . 272 ; Naidy an<l IliU-lunH, 
ihv? im.», Up, 2UU ; Stuidv, 1919, 1 <>|, 38 , 4H3. 

’^’.Srr Itir. -.rbr.M, \‘ot tit, Pari t, |». 284. ' . 

* (luiinu)'. ./u/i)7.. Mhi., miu, it., ivf. 15. ("/. A nnmtl ReimHs theiiiMul hucidij, Ul.h 

I a, 2dd. 
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line of descent from uranium through radium. In order to account 
for its presence as a product of uranium, it must be assumed that there 
is a branching in the disintegration series, one branch giving radium 
and its products, the other actinium and its products. 

In 1911 Antonoff observed that uranium shows at first a rapidly 
falling soft ^-ray activity, and attributed the effect to a new radio- 
active element which he named uranium Y.^ The existence of this 
element now appears to be definitely established.^ It is apparently 
formed by an a-ray change from uranium I or uranium II, the latter 
being the parent more generally accepted.^ According to this view, 
uranium II breaks up in two ways, both by expulsion of a-particles, in 
the one case producing ionium and in the other uranium Y. The fraction 
of the uranium II breaking up to form uranium Y is about 8 per cent. 

Uranium Y is isotopic with uranium X^, and is therefore tetravalent. 
Since it gives off jS-rays, it is unlikely, according to the Group-displace- 
ment Law, that it will change directly into trivalent actinium ; there 
should be an intermediate a-ray product. This conclusion was con- 
firmed by the discovery of eka-tantalum or protoactinium, which is 
the immediate parent of actinium.^ 

Still another element, to which the name uranium Z has been given, 
has been found in ordinary uranium salts.® Its parent has not been 
established, but it appears to be either uranium X^ or an unknown 
isotope of uranium X^ of similar period. On the assumption that it 
comes from uranium X^l Hahn suggests ® the following scheme : 


ui— >uXi: 






and from an observation of the relative activities, concludes that the 
branching relationship is about 0*85 per cent., thus : 


UX^: 



Other products of the disintegration of uranium, notably uranium V ^ 
and radiouranium,® have been described, but their existence has not 


1 Antonoff, ¥hil, Mag,, 1911, [6], 22, 419; 1913, [6], 26, 1058. See also Johnstone 
and Boltwood, ibid., 1920, [6], 40, 50 ; Amer. J, Sci., 1920, 50, 1 ; Antonoff’, Le Radiimi, 
1913, 10, 406. 

- Soddy, Phil. Mag., 1914, [6], 27, 215; Hahn and Meitner, Physihal. Zeitsch., 1914, 
15, 236. Cf. Fleck, Phil Mag., 1913, [6], 25, 710 ; Antonoff, ibid., 1913, [6], 26, 332. 

Kirsch, Sitzungsber. K. Ahad. Wiss. Wie%, 1920, 129, [2a], 309 ; Hahn and Meitner, 
Physikal. Zeitsch., 1919, 20, 529 ; Widdowson and Russell, Phil. Mag., 1923, [6], 46, 915 ; 
Guy and Russell, Trans. Ghem, Soc., 1923, 123, 2618. 

Soddy, Cranston, and Hitchins, ProCo Roy. Soc., 1918, 94, [A], 384 ; Nature, 1918, 100, 
498 ; Hahn and Meitner, Physikal. Zeitsch., 1918, 19, 208 ; 1919, 20, 127, 529 ; 1920, 21, 
591 ; Naturwiss., 1919, 7, 611 ; Ber., 1919, 52, [B], 1812 ; 1921, 54, [B], 69 ; Zeitsch. Physik, 
1922, 8, 202. See also Gohring, Physikal. Zeitsch., 1914, 15, 1642. The Actinium Series 
is described in this series, Vol. IV. 

5 Hahn, Ber., 1921, 54, [B], 1131 ; Naturwiss., 1921, 9, 84, 236 ; Ghem. Zentr., 1921, i., 
1015. See Neuburger, Naturwiss,, 1921, 9, 235 ; Ghem. Zentr., 1921, i., 1015, 

^ Hahn, Zeitsch. physikal. Ghem., 1923, 103, 461. See also Guy and Russell, loc. cit. 

7 Piccard and Stahel, Physikal. Zeitsch., 1922, 23, 1. Gf. Hahn, ibid., 1922, 23, 146. 

® Danne, Gompt. rend., 1909, 148, 337 ; Le Radium, 1909, 6, 42. See Lloyd, J. Physical 
Ghem., 1910, 14, 609 ; Sirk, Monatsh., 1912, 33, 289. 
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been established. Hahn has even suggested the possible existence of 
an independent radioactive series derived from an unknown uranium 
isotope, uranium IIL^ Such views, however, have received no experi- 
mental confirmation. 

It has been observed that the element lead occurs in unaltered 
primary uranium minerals in amounts proportional to the amount of 
uranium present. ^ It is not radioactive, but its atomic weight differs 
from that of ordinary lead, being very little more than 206. It is 
regarded as highly probable that this element is the end-product of the 
radium series,^ so that like radium and actinium it is derived from 
uranium. It is an isotope of lead, with wdiich it is therefore chemically 
identical, and is known as Radium G. It is often referred to as urcvnimit 
leacl.^ 

The following scheme represents the uranium disintegration series 
according to the present state of knowledge : 


UI-^->UX 





>lo — ^>Ra 

->Ac. 


The positions of these elements in the Periodic Table, according to 
the Group-displacement Law, is shown in the following table : 


Group 

Ha. 

IIIA. 

IV A. 

Va. 

VIA. 

Type element 

Ra 

Ac 

Th 

Pa 

u 

Atomic number . 

88 

89 

90 

91 

92 




■¥Tvr . _ TTT ! 

U-Xp 

' 1 

1 

'■''-‘UZ \ 





1 ....UII 



10 

UY\^ 

■ 




The Disintegxiation Products of Uranium and 
Their Separation. 

Uranium I is the primary radioactive element. It emits a-rays 
and produces uranium X^. By counting the number of a-particles per 

^ See also Neiiburger, loc. cit. ; Piccard, Arch, JSci, phys. nat. de Gefiivef 1917, 44, 161 ; 
Johnstone and Boltwood, Phil. Mag., 1920, [6], 40, 66 ; Joly, Nature, 1922, 109, 480 ; 
Guy and Russell, loc. cit. 

^ Boltwood, Amer. J. Sci., 1907, [4], 23, 77. 

^ See this series, Vol. III., Part I., p, 299. 

See Honigschmid and Birckenbach, Ber., 1923, 56, [B], 1837 ; Honigschmid and 
Steinheil, ibid., p. 1831. For comparison of the laand spectra of uranium lead and ordinary 
lead, see Grebe and Konen, Physikal, Zeitsch., 1921, 22, 546. 
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gram of uranium, and assuming that half come from uranium I, the 
period of half-change for this element is found to be approxhnately 
5X10^ years.^ A similar value may be obtained by comparing the 
weights of radium and uranium in equilibrium with one another. 
The most recent value given is 4-67X10® years. ^ Its average life ^ is 
6-5X10® years.^ The a-particles emitted have a velocity of 1-37X10 
cm. per second, and a range at 15^^ C. of 2*50 cm. ; ^ at 0 C. the range is 

2-37 cm.® . . 

Uranium may be obtained from solutions of uranium salts by 
the addition of excess of ammonium carbonate. The precipitate first 
formed largely redissolves, but leaves a small insoluble residue which 
contains the /3- and y-activity.^ The separation is helped by the 
presence of iron. The uranium Xj may also be precipitated along with 
barium sulphate ; ® or it may be obtained by extracting uianiuni salt 
solutions with ether or other organic solvents, the uranium remaining 
in the aqueous layer.® Hy repeated crystallisation of uranyl or uraiious 
nitrate from aqueous solution the uranium X^^ can be concentiated in 
the mother-liquor.^® If this liquor is then treated with ferric chloride 
in the proportion of 50 milligrams to 100 grams of uranous nitrate, 
and the iron separated from the diluted solution by carefully warming 
with ammonium hydroxide and ammonium carbonate, the uranium 
Xi is adsorbed by the iron if no weighable quantity of thorium be 
present.il It may be freed from uranium by redissolvmg, and repre- 
cipitating with ammonia and ammonium carbonate. 

It may also be separated from solutions of uranium salts by the 
addition of a little cerium salt and precipitation with aqueous hydro- 
fluoric acid, 12 or with oxalic acid; or by adding a small quantity ot 
thorium nitrate and precipitating with ? 72 -nitrobenzoic acid.i^ n^ay 
also be absorbed by charcoal, i^ basic ferric acetate, i® and by various 
oxides, sulphides, sulphates, and gelatinous silica. i® In the case of 
charcoal the uranium X^^ is completely removed from a solution of a 


1 Geiger and Rutherford, Phil. Mag., 1910, [6], 20, 691 ; he Radium, 1910, 7> 225. 

See also Meyer, Sitzungsher. K. Ahad. Wien, 1913, 122, [2a], 1085. ^ 

2 Geiger and Nuttall, Phil. Mag., 1912, [6], 23, 439. See also McCoy, Phys. Review, 

1913,1,401. ' ^ cy moo .r- 

3 See International Committee on Chemical Elements, J. Amen Ohem. boc., 19Z3, 45, 


867. 

See this series, Vol. III., Part I., p. 282. 

Meyer, Jahrb. RadioaJct. EleJctron., 1920, 17, 80. 

« International Committee, Zoc. ai. 

7 Crookes, Proc. Roy. Soc., 1900, 66, 409. See also Soddy, Phil. Mag., 1909, [b], 18, 8bl. 

8 Beoquerel, Oompt. rend., 1900, 131, 137 ; 1901, I33> 977 ; Soddy, Trans. Ghem &oc , 
1902, 81, 860 ; Berry, ibid., 1910, 97, 196 ; Soddy and Russell, PUl. Mag., 1909, LoJ, 10, 
620 ; Schmidt, Physihal. Zeitsch., 1909, lo, 6 ; Antonoff, Phil. Mag., 1911, [6], 22, 41 9. 

9 Lloyd, J. Physical Chem., 1910, 14, 509 ; Moore and Schliindt, Phil. Mag., 190b, [bj, 
12, 393 ; Godlewski, ibid., 1905, [6], 10, 45. 

10 Soddy and Russell, loc. cit. ; Godlewski, loc. cit. , -n m . 

Hahn Ber., 1921, 54, [B], 1134; Meyer and von vSchweidler, /a/tro. Radioakt. Electron., 


1909, 6, 390. 

Keetman, Jahrb. RadioaJct. EleJctron., 1909, 6, 268. 

13 Guy and Russell, T'mTis. O/iem. ^oc., 1923, 123, 2618. 

Beoquerel, Com%>t. rend., 1905, 141, 87 ; Ritzel, Zeitsch. ‘physiJcal. CJmn., 1909, 07 
724 • Ereundlich and Kaempfer, ibid., 1915, 90, 681 ; Ereundlich, Neumann, and 
Kaempfer, PhysiJcal. Zeitsch., 1914, 15, 537 ; Levin, ibid., 1906, 7, 692 ; Ghem. Zentr,, 

Trans. GJiem. JSoc., 1922, 121, 1736 ; Szilard, Compt. rend., 1909, 149, 113. 

16 Wojtasrewski, Le Radium, 1913, 10, 363 (Abs.). 
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uranium salt by adsorption, but if a small quantity of a thorium salt 
is added, tlic uranium is not adsorbed.^ This displacement of the 
adsorption appears to be due to the presence of colloidal particles in 
tlie thorium nitrate, for if these particles are removed by previously 
s linking with charcoal, or by dialysis, or cataphoresis, the thorium 
nitrate is no longer able to prevent the adsorption. 

Electrocliemical methods of separation are not practicable.^ 

The period of half-change of uranium is 23-82 iO-OTS days.^ 
It emits soft jS-rays,^ so soft that they were at first taken for a-rays.^ 
A liard ^-radiation ascribed to it was afterwards found to be due to 
uranium Xa-^* It also gives very weak y-rays.”^ 

Diffusion experiments in solution show that uranium X^ is tetra- 
valent.^ It is isotopic with thorium® and ionium,^® and therefore has 
the same chemical properties. 

Uranium Xo, or Brevium,^^is deposited on lead by electrochemical 
action, either by immersing a lead plate in a concentrated solution of 
uranium X^, or by shaking an acid solution of iron containing uranium 
Xj^ in a clean lead crucible and then removing the liquid. The lead 
shows a very penetrating j8-activity, which at first falls very rapidly 
in value. TTie uranium X 2 is also deposited, but in smaller quantity, 
on zinc or magnesium. It may be separated quantitatively from 
uranium X^ by precipitating along with bismuth oxychloride,^® or by 
filtering a solution of uranium X in fairly strong acid through a filter 
|)a|)er on wliich tantalum pentoxide has been previously filtered. In 
tliis way uranium X 2 is held back and freed from all but about 1 per 

cent, of uranium ‘ ni ip t 

Uranium X 2 , the product of uranium Xi, has a period of halt-change 
of only 1*15 minutes. It emits both j8- and y-rays,^® the former prob- 


' lU'cimcllich and Wreschner, Zeitsch. ‘pliysikal. Chem., 1923, 106 , 366. 
a Rossi, Nuovo dm., 1913, [ 6 ], 5. t, 5 ; von Sensei, Ze%tsck physikal. Chem., 1910, 71, 

Kimoh, HitzumjAcr. K. Akad. Wiss. Wien, 1920, 129, 309. See also “<1 

Soddy, I'hil. Maij., 1903, [6], 5, 441 ; Soddy and Russell, 1910^ [6], 19. 84/. 

« Soddy, Trans. CUm. Soc., 1902, 81, 860; Nature, 1909, 80, 3/ ; Phil. Mag., im, 
lli], 18, 8.58; Ruthedord and Grier, PM. Mag., 1902, [6], 4,323 ; 

19()7, 8, 585 ; 1908, 9, 655 ; Hahn and Rothenbach, ibid., 1919, 20 , 194 ; Meitner, Zeitbch. 

K. Akad. Wiss. Wien, 1907, Ii6, [2a], 109 ; Levin, Physikal. 

8ec Fajans and Gohnng, 1913, 14, • oj.9 . Snddv and 

’ Soddy, Trans. Ohem. Soo., 1902, 8i, 860 ; 1909 

lliiBsell, Nature, 1909, 8o, 7 ; Physikal. ZeitscK is’, 

620 ; Eve, Physikal. Zeitsch., 1907, 8, 185; Baeyer, Hahn, 1914 161 

649 ; Zeitsch. Physik, 1923, 7, 157 ; Meitner, ha. ail. ; Richardson, Phil. Mag., 19 , L J- 

“ von Hevosy, Physikal. Zeitsch., 1913,^14, 49, 1202. 

^ Fleck, Trans. Chem. Boc., 1913, 102 , 381. 

liim ma te. <!»■ 1 H*!” 

196. 

13 Fleck, PhU. Mag., 1913, 753 See alsoFajans and Gohring, 

H Halm and Meitner, Physikal. Zeitsch., 1913, 14 , fsce aibu j 

loc. cit. . , , Uabn and Meitner, loc. cit. Guy and 

15 Fajans and Gohring, he. cil. ; lleck, he. <= <• > 

Russell give 1-175 minutes (Trans. Chem. hoe., 19-3, 123, -bib). 

13 Richardson, loc. cit. 
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ably being more penetrating than those from uranium X^. Its 
position in the Periodic Table, according to the Group-displacement 
Law, is in Group V., and it shows chemical similarity to both tantalum 
and bismuth. The iodide is less volatile than bismuth iodide. 

Uranium Z, also thought to be a product of uranium X^, was 
discovered by Hahn in 1921,^ who isolated it in the following manner. 
The mother-liquors from repeated fractional crystallisations of uranous 
nitrate, containing uranium Xj^ and uranium Z, were treated with ferric 
chloride solution, and the iron precipitated by means of ammonia and 
ammonium carbonate. The precipitate, which contained both the 
uranium X^ and uranium Z, was treated with a solution of tantalum 
in hydrofluoric acid, lanthanum nitrate added, and the mixture digested 
on a water-bath with dilute hydrofluoric and sulphuric acids. Lan- 
thanum fluoride was precipitated, and carried down with it uranium 
Xj. The filtrate was evaporated to dryness and the residue ignited. 
The tantalum was thus rendered insoluble, whilst the iron could be 
removed by means of concentrated hydrochloric acid. The uranium 
Z remained with the tantalum. By this means Hahn obtained speci- 
mens of uranium Z which were 99*5 per cent, radioactively pure. 

Uranium Z is isotopic with protoactinium, and has a period of half- 
change of 6*7 hours.2 It emits a highly complex jS-radiation, of which 
the intensity, however, is only 0-25 per cent, of that of uranium (Xi+Xg). 
The fraction of uranium forming uranium Z is only about 0-35 per cent.^ 

Uranium II, the product of uranium Xg and probably also of 
uranium Z, is considered to be the second a-ray-producing substance 
present in uranium, isotopic with uranium I and inseparable from it.^ 
The range of its a-particles is 2*9 cm., and the period of half-change is 
probably about 2 X 10® years. ^ The quantities of the two isotopes 
present in uranium in the condition of radioactive equilibrium will be 
proportional to their periods of half-change, so that not more than 
0-04 per cent, of uranium II can be present. The atomic weight of 
uranium is therefore practically identical with that of uranium I (see 
p. 285). Unsuccessful attempts have been made to separate the two 
isotopes by diffusion in solution.® 

Ionium, the product of uranium H and the immediate parent of 
radium, was isolated by Boltwood in 1907.'^ 

It may be obtained in quantity by separating and purifying thorium 
from uranium minerals or residues ; ® the ionium remains with the 
thorium and cannot be separated from it. 

Ionium emits a-particles of range 3-07 cm. at 15° C. and of initial 

1 Halm, Ber., 1921, 54 , [B], 1131 ; Naturwiss., 1921, 9 , 84, 236. See Chem. Zenlr,, 1921, 
i., 1015. 

- Halm, Zeitsch. phijsikal. Chem., 1923, 103 , 461 ; Guy and Russell, Trans. Chem. Boc., 
1923, 123 , 2618. ^ Hahn, he. cit. 

Fajans and Gohring, Fhysikal. Zeitsch.^ 1913, 14 , 877. 

^ See Meyer, Jahrb. RadioaJet. Elektron., 1920, 17 , 80 ; Geiger and Nuttall, Phil. May., 
1912, [ 6 ], 23 , 439. 

^ Lachs, Nadratowska, and Wertenstein, Compt. rend. 80 c. Sci. Warsaw, 1917, 9 , 67 ; 
see J. Ghem. Soc., 1918, 114 , Abs. ii., 213. See also von Hevesy and von Putnoky, 
Physikal. Zeitsch., 1913, 14 , 63 ; Phil. Mag., 1913, [ 6 ], 25 , 415. 

^ Boltwood, Amer. J. Sci., 1907, 24 , 370 ; 1908, 25 , 365 ; see also ibid., 1906, 22 , 
537. Also see Rutherford, Nature, 1907, 75 , 270 ; 76 , 661 ; Phil. Mag., 1907, [ 6 ], 14 , 733. 

® Boltwood, he. cit. ; Hahn, Ber., 1907, 40 , 4415 ; Marckwald and Keetman, ibid., 
1908, 41 , 49 ; Keetman, Jahrb. Radioakt. Elektron., 1906, 6 , 265. See also Szilard, Le 
Eadimn, 1909, 6 , 80 ; Meitner, Physikal. Zeitsch., lOis, 16 , 4. 
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velocity 1-46x10® cm. per sec./ and also y-rays.^ Its period of half- 
change is 9 X 10^ years. ^ In accordance with the Group-displacement 
Law the element should be in Group IVa of the Periodic Table, .and 
therefore isotopic with thorium and uranium (see table, p. 345). 
The isotopy with thorium is confirmed by the result of the spectroscopic 
examination of thorium preparations rich in ionium, which give only 
the spectrum of thorium.^ The chemical reactions of ionium are 
therefore exactly the same as those of thorium.^ That ionium is tetra- 
valent is shown by diffusion experiments in solution.® 

Preparations of ionium are used as standards of a-ray activity 
when a more active standard than urano-uranic oxide is necessary. 
The production of helium from ionium has been observed.'^ Uranium 
X-i may be used as an indicator for ionium when estimating the latter 
ill terms of the equilibrium quantity contained in uranium minerals.^ 

From the position of ionium in the disintegration series, its atomic 
weight should be approximately 230. ITdnigschmid found ® 231-5 
for thorium-ionium mixtures obtained from minerals poor in thorium. 

The product of ionium is radium.^® 

Uranium Y, isotopic with uranium appears, like ionium, to 

be produced by an a-ray change from uranium II (see p. 344). It is 
obtained in the precipitate with uranium X^^ when a solution of uranium 
nitrate containing iron is treated with ammonia and ammonium car- 
bonate ; but after a few days the amount of uranium Y in the solution 
rises to its maximum value again, whilst very little uranium is 
formed, so that by repeating the precipitation, iron containing the 
maximum quantity of uranium Y with very little uranium X^ is 
obtained. The two isotopes are also precipitated together along with 
cerous fluoride ; they can then be removed from the cerium by adding 
a little zirconium salt and precipitating with sodium hypophosphate, 
NaHP 03 . 3 H 20 .^*^ Uranium Y emits jS-rays aiid has a period of half- 
change of 27-5 hours. The fraction of the uranium breaking up to 
form uranium Y' is about 3 per cent.^^ 

Protoactinium, or eka-tantalum, the product of uranium Y, was 

I Geiger and Nuttall, Phil. Mag., 1911, [ 6 ], 22 , 613. See Meyer, Jahrb. EadioaJd. 

MeJdron., 1920, 17 , 80. ^ Meyer, loc. ciL 

3 S(xldy, Le Radium, 1910, 7 , 295 ; Nature, 1912, 89 , 203 ; Phil. Mag., 1919, [ 6 ], 38 , 
483 ; Sodciy and HitcMns, Phil. Mag., 1915, [ 6 ], 30 , 209 ; Piutti, Le Radium, 1911, 8, 204 ; 
Russell and Rossi, Proc. Roy. Roc., 1912, 87 , [A], 478 ; Meyer, Jahrb. Radioakt. LJlekiron., 
1920, 17 , 80; Mo 7 iatsh., ioiG, 37 , 347. The International Committee on Chemical 
Elements (J. jUner. Chem. Soc., 1923, 45, 367) give 6-9x10^ years. 

Exner and Haschek, Sitzungsber. K. Akad. Wien, 1912, 121 , [2a], 1075 ; Russell 
and Rossi, loc. cit. 

^ See this series, Vol. V. ® von Hevesy, PhysiJcal. Zeitsch., 1913, 14 , 49. 

7 Boltwood, Le. Radnim, 1911, 8 , 104 ; Proc. Roy. Soc., 1911, 85 , [A], 77. 

8 Rona, Ber., 1922, 55 , [B], 294. 

Honigschmid, Zeitsch. Mektrochem., 1916, 22 , 18 ; Honigschmid and Horovitz, 
Monatsh., 1916, 37 ? 335. 

The radioactive properties of radium are described in Vol. III., Part I., of this series. 

II See Soddy, Phil. Mag., 1914, [ 6 ], 27 , 215. Antonoff, Le Radium, 1913, 10 , 406. 

^8 Kirsch, Sitzungsber, K. Akad. Wien, 1920, 129 , [2a], 309, 

Guy and Russell, Trans. CJmn. Soc., 1923, 123 , 2618. Somewhat different values 
are given by Antonoff, loc. cit, ; Phil. Mag., 1911, [ 6 ], 22 , 419 ; 1913, [ 6 ], 26 , 1058 ; Kirsch, 
loc. cit. ; Johnstone and Boltwood, Phil. Mag., 1920, [6], 40 , 50 ; Amer. J. Sci., 1920, 5<^i> 
1 ; Hahn and Meitner, Physilcal. Zeitsch., 1914, 15 , 236 ; Naturwiss., 1919, 7 , 611 ; Ber., 
1919, 52 , [B], 1812 ; Zeitsch. Physik, 1922, 8 , 202. 

Kirsch, loc. cit. ; Hahn and Meitner, Physikal. Zeitsch., 1919, 20 , 529 ; Widdowson 
and Russell, Phil. Mag., 1923, [ 6 ], 46 , 915 ; Guy and Russell, he. cit. 
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discovered independently by Hahn ^ and by Soddy ^ in 1917. It is 
the parent of actinium,^ but appears to be genetically connected with 
uranium. In old minerals the ratio, uranium : actinium, is constant,^ 
but the amount of actinium present is less than would be expected if 
it were a direct disintegration product of uranium. It is therefore 
thought to lie in a side-chain, and its relation to uranium depends upon 
which isotope is considered to be the parent of uranium Y. In any 
case, by the Group -displacement Law protoactinium should be an 
element in Group Va, and therefore similar to tantalum. It was this 
consideration which led to its discovery. Hahn added a little potassium 
tantalum fluoride to a large quantity of pitchblende residues after 
treatment with hot concentrated nitric acid. He extracted with 
hydrofluoric acid, evaporated the solution with sulphuric acid, and 
added concentrated nitric acid to the residue, most of which dissolved. 
The undissolved part was found to emit a-rays of low range and to 
produce actinium. Soddy obtained a sublimate, similarly active, by 
heating pitchblende in carbon tetrachloride vapour under conditions 
in which tantalum pentoxide was volatilised. 

The following method may be used for the extraction of proto- 
actinium from residues of uranium minerals . After prolonged boiling with 
nitric acid, which dissolves most of the radioactive constituents present, 
including radium, small quantities of thorium and lead nitrates and of 
tantalum oxide are added to the undissolved portion. Upon extracting 
with hydrofluoric and sulphuric acids the tantalum and protoactinium 
go into solution. This solution is evaporated and the residue ignited. 
Any iron, zirconium, etc., may be removed by boiling with aqua regia ; 
the tantalum and protoactinium remain insoluble. No method is yet 
known for the separation of these two elements. 

The period of half-change is about 12,000 years.^ 

The atomic weight of protoactinium is important since upon its 
value all the atomic weights of the actinium series depend. If uranium 
Y has atomic weight 230, as is the case if uranium II is the parent of 
uranium Y, that of protoactinium is also 230, and this is the generally 
accepted value. If, however, uranium I should be the parent of 
uranium Y, the atomic weight of protoactinium must be 234, and the 
generally accepted atomic weights of the actinium series would all have 
to be increased by 4 units.® 

The properties of the elements of the uranium disintegration series 
are summarised in the accompanying table. 


^ Halm and Meitner, PhysiJcal. Zeitsch,, 1918, 19, 208 ; 1919, 20, 127, 529 ; 1920, 21, 
591 ; Naturwiss., 1919, 611 ; Ber., 1919, 52, [B], 1812 ; 1921, 54» [B], 69 ; Zeitsch. 

Physih, 1922, 8, 202. 

2 Soddy, Cranston, and HitcMns, Proc. Roy. Roc., 1918, 94, [A], 384; Nature, 1918, 
100, 498. See also Gohring, PhysiJcal. Zeitsch., 1914, 15, 1642. 

® The actinium series is described in this series, Vol. IV. 

^ Boltwood, Phys. Review, 1906, 22, 320 ; Amer. J. Sci., 1906, [4], 22, 537 ; 1908, [4], 
25, 269 ; McCoy, PhiL Mag., 1906, [6], ii, 177 ; McCoy and Ross, J. Amer. Ghem. Soc., 
1907, 29, 1698. See also Piccard, Arch. Sci. phys. nat, 1917, [4], 44, 161 ; Meyer and 
Hess, Sitzungsber. K. AJcad. Iftss. Wien, 1919, 128, [2a], 909 ; Chem. Zentr., 1920, iii., 
435 ; Hahn and Meitner, Zeitsch. PhysiJc, 1921, 8,202 ; Smekal, PhysiJcal. Zeitsch., 1921, 
22, 48 ; Piccard and Stahel, ibid., 1922, 23, 1. 

® International Committee, loc. cit. ; Hahn and Meitner, Ber., 1921, 54» [B]» 69 ; 
Mennie, Phil. Mag., 1923, [6], 46, 675. 

® Russell, Nature, 1923, in, 703, suggests that the parent of uranium Y is a third 
isotope of uranium, as yet unknown. See also Phil. Mag., 1923, [6], 46, 642. 
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Alexandrolite, 8. 

Alkali chromites, 39. 

Aluminium chromate, 45. 

— chromium silicides, 101. 

— molybdates, 137. 

— paratungstate, 210. 

— tungstates, 210. 

— tungsten alloys, 191. 
Alumino-antimoniotungstates, 211. 
Alumino-arsenotungstates, 211. 
Alumino-phosphotungstates, 21 1. 
Alumino -tungstates, 211. 

Amaloy, 191. 

Ammonio -tungstates, 213. 
Ammonio-uranyl sulphates, 320. 
Ammonium aluminotungstate, 211. 

— ceritungstate, 216. 

— chlorochromate, 47. 

— chromate, 45. 

double salts, 46. 

— chromic phosphate, 88. 

sulphates, 82. 

— chromicyanide, 96. 

— chromimolybdate, 84. 

— chromipyrophosphate, 89. 

— ■ chromithiocyanate, 99. 

— chromium alum, 82. 

— chromoiodate, 47. 

— chromotell urate, 84. 

— ' chromous carbonate, 94. 

sulphate, 77. 

— dichromate, 46. 

— dimolybdate, 138. 

— dithiotungstate, 247. 

— diuranate, 307. 

preparation, 277. 

use in analysis, 338. 

— - ferritungstate, 21^ 

— fluochromate, 47. 

— fluoroxymolybdates, 122. 

— fluoroxypermolybdate, 123. 

— hexa-uranate, 307. 

— imidotungstate, 213. 

— io do molybdates, 139. 

— lithium chromate, 45. 

— metatungstate, 237. 

- — molybdate, normal, 137. 

ordinary, 138. 

reduction of, 129, 138. 


Ammonium molybdates, 137-139. 

complex, 139. 

— molybdosulphates, 159. 

— molybdosulphites, 159. 

— octamolybdate, 138. 

— octatungstate, 212. 

— “ ozotungsten ” oxalate, 243. 

— paramolybdate, 138. 

— paratungstate, 211 

— perchroniate, 73. 

— periodomolybdates, 139. 

— permolybdates, 156, 157. 

— peruranate, S12. 

— phosphomolybdate, 163, 164. 

— phosphovanadotungstate, 258. 

— potassium chromate, 45. 

— sodium chromate, 46. 

tungstates, 2lk 

— tetrachromate, 46. 

— tetramolybdate, 138. 

— thiomolybdates, 159. 

— thiotungstates, 247. 

— trichromate, 46. 

— trimolybdate, 138. 

— tungstate, colloidal, 213. 

— tungstates, 211, 213. 

— tungstocyanide, 260. 

— uranyl arsenate, 333. 

bromide, 299. 

carbonates, 334, 335. 

chloride, 297. 

chromate, 71. 

nitrate, 327. 

phosphate, 330, 331. 

use in analysis, 330, 338, 339. 

selenate, 322. 

selenite, 322. 

Antimoniotungstic acid, 258. 
Antimony tungstates, 213, 257, 258. 

“ Argentous ” tungstate, 225. 
Arsenotungstates, 256, 257. 
Arsenotungstic acids, 256, 257. 

Auric chromate, 52. 

Autunite, 273, 331. 

Avalite, 8. 

Barium antimoniotungstate, 258. 

— chromate, 47. 

— chromite, 37. 

— chromithiocyanate, 99. 

— dichromate, 48. 
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( 'hrumiuni nut^a, 8. 
nmiybdutcH, 142. 
iiK uinphosphidt', iSd. 
iii't lit »a lit imonitdiloridi', d2. 
t>\id(‘, luayiu'tif, K). 
ctxidrs, I>2, 40. 

tt\yt’hl(»rid(% 27 . 
t).\y(‘yanid<% OS, 
pai'atiuiystati', 217 , 
p(‘n{a.s^iphat^^ 7 S, SO. 
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• phttsjihdt', S<). 
pyi-oar.st'iiaO', 02 . 
sts-apii ars<‘nid(% 01 . 
s('S(pii(>\id(‘, 4,, 33 . 

n*diu 4 ion of, 0 , 1 1 , 
.st‘.st{uipln)sphid(y S<>. 
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sotliuin a'/,ido. So. 

.sotliuiu t hiooyanutt*, IKS. 
suhcarhido, 0 . 3 . 

Hulpluiln.s, 77 S 3 , 
acid, SO, S 2 . 
l)a.Hi<% SO. 

tloidOt' .salt.s, SO S 2 , 

.itin'cn, 7 H. 
violet, 77 , 

.Huljdiatoiutrato, So. 
tctruMolpliidn, 7 <>. 
ictroxi<lc tj'ianniiiiK', 73 , 74 . 
t lii(H‘arlMmat(% Oo. 
t Idocyanntc. OS. 

nnnuoniaO'd compound, 00 . 
t.ri(t\idc, 21 . 40 , 
t un|..^s(at<'H, 217 . 
tuni^'itcn carbide, 04 . 
vanatlium ntcel, 10 . 

( ‘hj'om«*ar;i(matea, 02. 

< Oirotno chromic, osiden, 32 , 

( 'lironuMliHuIphoeiu’ondc acid, 84 . 

( 'hroinof<*rritc, 7 , 

( ‘hronu»pbo.spha(c.^, complex, 00 . 

( *hromopi(*ol it(\ 7 . 

( ’hromo.'mlpbotdiromic a<‘id, 83 . 

{ 'hromolclluratcH, S 4 . 

( ‘hromou:'i ai'acnidt*, 0 1 . 
bromide, 30 , 
oarbonatt', ‘ 04 . 

dtudOc .MuitH, 04 . 
eld.uidc, 23 . 
by«ir.atc.M, 24 . 
hydniehloridc, 24 . 
cyniiiiie, 0 * 7 . 

Iluoritle, 22 . 
h^tlroxidt', , 32 . 
italide, 31 . 
mctapho.Hphai(% SO. 

01 I hopbosphnte, SO, 

' oxide, 32 . 
phoHpbidt% So, 

HultH, s^emu'ul properticH, 4 , 20 . 
Hclenitb*, S 3 . 

- Hulphnto, 77 . 

.sulphide, 7 o. 


Chromoua thiohypophospbato, 90. 

— tliiopliosphite, 9(3. 

™ thiopyrophosphato, 90. 

— ■ tluopyrophospliitc, 90. 
('liromiiltramarinta 102. 

(Ihroniyl bromide, 31. 

— ehloride, 28. 

action of pliospliorn.s halides on, 91. 

— — decomposition of vapour by heat, 29, 

33, 40. 

polymerisation, 29. 

pro|)erties, 29. 

— fluoride, 23. 

— silieofluoride, 23. 

(litron yellow, 72. 

Oleveite, 272, 27(5. 

Cobalt cliromatc, 51. 

double salts, 51. 

— cb.ro mite, 38. 

— diebromate, 51. 

— dimolybdate, 143. 
ditiingstate, 217. 

— metatungstutis 239. 

— molybdates, 142. 

— — complex, 143. 
paratimgstate, 217. 

— trimolybdate, 143. 

— tritungstate, 217. 

— - tungstates, 217. 

Cobaltous ebromicyanide, 97. 

Cologne yellow, 53. 

( V>pp(‘r ainmoniotvmgstates, 213. 

ammonium molybdates, 143. 

— ■ chromates, 51. 

— — aminoiuacal salts, 51. 

“ ' — liasic, 51. 

- mctatungstat(‘, 239. 

— - molybdat<‘S, 143. 

— paratungstat(}, 218. 

piu-uranate, 312. 

“ tetracliroma,te, 52. 

— triehromatfs 52. 

' “ tungstates, 217. 

(Joracite, 273, 

(jorubin, 10. 

CrcKHiiKito, 8. 

Crocoitc;, 8, 53. 

(JupftuTon, as rejig(uitfor ui’aninm, 33S. 
Cupri(} clirornate, 51. 

— cliromicyanide, 97. 
chromite, 38. 

' dicliromate, 5 1 . 

— ditiingstate, 217. 

— tungstate, 217. 

Cuproscbeolite, 182, 217. 

Cuprotungstile, 182, 217. 

Oupro-uranite, 27 4. 

Cuprous chromate, 51. 

— chromieyanide, 97. 

— chromite, 38. 

— cupric tungstiate, 218. 

Daxjbeeelite, 8. 

Decamoly bdates, 1 36. 

Delorerv/ite, 275. 

Derby red, 54, 
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CHROMIUM AND ITS CONGENERS. 


Dewindtite, 274. 

Bibromomolybdoiis acid, 12S. 
Bibromtetraquochromic bromide, 31. 

— chloride, 31. 

Bichlorchromium chloride, 26. 
Bichlormolybdic acids, 125, 126. 
Bichlortetraquochromic bromide, 31. 

— chloride, 26. 

Bichromates, 44. 

Bichromic acid, 43. 

Bichromium silicide, 100. 

Bietzeite, 8. 

Bimolybdates, 135. 

Bimolybdenum pentasulj^hide, 158. 
Bitungsten carbide, 259. 

— pentoxide, 200. 

Eka-taktalum, 344, 349. 

Eliasite, 273. 

Eosite, 111. 

Erbium sodium tungstate, 218. 
Ethylenediammonium uranyl nitrate, 327. 

sulphate, 321. 

Euxenite, 275. 

Eerbeeite, 181, 218. 

Eergusonite, 275. 

Eerric ammonium chromate, 52. 

— chromate, 52. 

basic double salts, 52. 

— molybdate, 143. 

complex salts, 144. 

— potassium chromate, 52. 

— tungstate, 218. 

native, 181. 

Eerritungstates, 219. 

Eerritungstic acid, 219. 

Eerritungstite, 181. 

Eerro tungsten alloys, analysis, 270. 
Eerrouranium alloys, 286. 

Eerrous chromicyanide, 98. 

— chromite, 38. 

— ditungstate, 218. 

— metatungstate, 239. 

— molybdate, 14^ 

— tungstate, 218. 

native, 181. 

Eluoroxymolybdates, 122. 
Fluoroxypermolybdates, 123. 

Fuchsite, 8. 

Gadolinium tungstate, double salt, 218. 
Gilpinite, 275. 

Gold chromates, 52. 

— molybdate, 144. 

Green chromic chlorides, 20, 21, 26. 

— oxide of uranium, 30k 
Guignet’s Green, 37, 104. 

Gummite, 273, 337. 

Helium, discovery, 276. 
Heteropoly-compounds, defined, 163. 
Hexaquochromium bromide, 31. 
Hexathiomolybdic acid, 159. 

Hiibnerite, 181, 220. 

Hydrazine chromium alum, 82. 


Hydrogen chromicyanide, 96. 
Hydroxylamine ammonium tungstate, 21 

— chromium alum, 82. 

— potassio-uranate, 308. 

— tungstate, 213. 

— uranate, 307. 

— uranyl sulphate, 321. 

Hypophospho tungstates, 256. 

Ilsemannite, 112. 

Indium chromates, 52. 

— molybdate, 144. 

— tungstate, 218. 
lodomolyb dates, 128, 129. 
lodomolybdic acid, 128. 

Ionium, 343, 344, 348. 

Iron chromates, 52. 

— chromium alloys, IS. 

— molybdates, 143. 

— tungstates, 218. 

— uranate, 309. 

Isopoly-compounds, defined, 163. 

Isotopes of uranium, 285, 343. 
/50-12-tungstoboric acid, 268. 
/.90-12-tungstosilicates, 266^ ^ 

Iso- 12-tungstosilicic acid ^oi ). ’ 

Kolm, 276. 

Lanthanitungstates, 2 1 9, 

Lanthanum chromate, 72. 

— tungstate, 219. 

Laxmannite, 8. 

Lead chromate, 8, 53. 

double salts, 55. 

— chromates, basic, 54. 

— chromes, 54, 72. 

— chromicyanide, 98. 

— chromite, 38. 

— ehromithiocyanate, 99. 

— dichromate, 55, 

• — metatungstate, 239. 

— molybdate. 111, 114. 

use in analysis, 178. 

— paratungstate, 219. 

— peruranate, 312. 

— tungstate, 219. 

native, 182. 

— tungstocyanide, 261. 

Leather, tanning of, 68. 

— ashes, analysis of, 107, 108. 

Leipzig yellow, 53. 

Liebigite, 273, 335. 

Liesegang rings, 64. 

Lime-uranite, 723. 

Lithium chlorocbromate, 56, 

— chromate, 55. 

double salts, 55. 

— chromic sulphate, 80. 

— chromicyanide, 96. 

— chromite, 38. 

— chromoiodate, 56. 

— dichromate, 56. 

— dimolybdate, 144. 

— iodomolybdate, 145. 

— metatungstate, 239. 
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Litliiuin molybdate, 144. 

— paramolybdate, 144. 

— paratungstate, 219. 

— periodomolybdates, 145. 

— peril ranate, 313. 

— ■ potassium tungsten bronze, 244. 

— tetramolybdate, 145. 

— tetratungstate, 220. 

— trimolybdate, 145. 

— tungssate, 219. 

— ■ tungsten bronzes, 244. 

; — uranate, 309. 

Luteocobaltic fluoroxy tungstate, 194. 
Luteophosphomolybdie acid, 165. 
Luteophospliotungstic acid, 254. 


Magnesium: chromate, 56. 

double salts, 56. 

hydrates, 56. 

— chromite, 38. 

— chromous carbonate, 95. 

— dichromate, 56. 

— ditungstate, 220. 

— metatungstate, 239. 

— molybdate, 145. 

— ■ — double salts, 145. 

— paramolybdate, 145. 

— paratungstate, 220. 

— tetramolybdate, 146. 

— trimolybdate, 146, 

— tritungstate, 220. 

— tungstates, 220. 

— tungstocyanide, 261. 

— uranate, 309. 

Magnetic oxide of chromium, 40. 
Magnochromite, 7. 

Manganese chromates, 56. 

— chromite, 38. 

— dichromate, 57. 

— metatungstate, 239. 

— molybdate, 146. 

— molybdocyanide, 172. 

— paratungstate, 220. 

— potassium chromate, 57. 

— tritungstate, 221. 

— tungstates, 220, 221. 

— tungstocyanide, 261. 
Manganous chromicyanide, 98. 

— metatungstate, 239. 

Megabar, 114. 

Melanochroite, 8. 

Melinose, 111. 

Mercuric chromate, 57. 

— dichromate, 58. 

— molybdates, 146. 

— tungstate, 221. 

Mercurous chromate, 57. 

double salts, 57. 

- — chromicyanide, 98. 

— dimolybdate, 146. 

— metatungstate, 239. 

— molybdate, 146. 

use in analysis, 179. 

— molybdosilicate, 175. 

— potassium chromate, 57. 


Mercurous tungstate, 221. 

— 12-tungstosilicate, 265. 

Mercury chromates, 57. 

— chi'omicyanide, 98. 

— tungstates, 221. 

Metatungstates, 233-242. 

— constitution, 234-236. 

— isomorphism, 234, 235. 

— methods of preparation, 237, 240. 

— properties, 237. 

Metatungstic acid, 236. 

constitution, 234-236. 

isomorphism, 235. 

Meymacite, 182. 

Milsosin, 8. 

Molybdaniide, 162. 

Molybdates, 135-155. 

— constitution, 136. 

— of rare earth metals, 149. 

— reduction of, 137. 

— types of, 137. 

Molybdenum, 111, 157. 

— alloys, 118. 

— amalgam, 114, 119. 

— atomic weight, 117. 

— chemical properties, 116. 

— detection, 176. 

colour reactions, 117. 

— divalent, 120. 

— estimation, 178-180. 

colorimetric, 180. 

electrolytic, 180. 

gravimetric, 178. 

volumetric, 179. 

— hexavalent, 120. 

— history, 112. 

— melting-point, 114. 

— occurrence. 111. 

— ochre. 111, 132. 

— pentavalent, 121. 

— physical properties, 114. 

— preparation, 112. 

— pyrophoric, 170. 

— reduction of, 113. 

— spectrum, 115. 

— steels, 118. 

— tri valent, 120. 

— uses, 121. 

— valency, 120. 

Molybdenum blue, 121, 131. 

— borides, 175. 

— bromides, 127. 

— bromosulphate, 161. 

— carbides, 169, 170. 

— carbonyl, 170. 

— chlorobromides, 124, 127. 

— chloroiodides, 128. 

— chromates, 161. 

— compounds, general properties, 120. 

— cyanides, 170. 

— dlbromide, 127. 

— dichloride, 123. 

— di-iodide, 128. 

— dioxide, 130. 

hydrate, 131. 

reduction of, 113, 

— disilicide, 174. 
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Molybdenum disulphide, 157. 

— fluorides, 122. 

— fl.uorobromide, 127. 

— hexafluoride, 122. 

— hydroxy bromide, 127. 

— hydro xychlorides, 126, 127. 

— hydroxychlorobromide, 127. 

— hydroxychloroiodide, 128. 

— indigo, 121. 

— molybdate, 132, 146. 

— monosilicide, 174. 

— nitrates, 162. 

— nitride, 162. 

— oxides, 129. 

— oxybromide, 127. 

— oxychlorides, 125. 

— oxyfluorides, 122. 

double salts, 122. 

— oxyiodide, 128. 

— oxysulphate, 160. 

— pentachloride, 125. 

reduction of, 113. 

— pentoxide, hydrate, 131. 

— phosphide, 162. 

— phosphorus chlorides, 167. 

— selenide, 161. 

— sesquioxide, 129. 

hydrated, 129. 

— sesquisulphide, 157. 

— silicides, 174. 

— sulphates, 160. 

— tetrabromide, 127. 

— tetrachloride, 125. 

reduction of, 113. 

— tetrahydroxide, 129. 

— tetrasMphide, 158. 

— thiocyanates, 172. 

— tribromide, 127. 

— trichloride, 124. 

■ ammoniated, 124. 

double salts, 125. 

— trihydroxide, 129, 130. 

— trioxide, 132. 

basic, 137. 

hydrates, 134. 

properties, 133. 

reduction of, 113, 130, 133. 

— trisulphide, 158. 

Molybdenyl radical, 121. 
Molybdic acid, 134. 

colloidal, 135. 

a-monohydrate, 134. 

^-monohydrate, 134. 

— anhydride, 132. 

— arsenate, 167. 

— metaphosphate, 162. 
Molybdite, 111, 132. 

3 -Molybdo -arsenates, 168. 

9- , 168. 

12 , 167. 

Molybdo-arsenic acids, 167-169 
Molybdo-cyanides, 170-172. 

— metal-ammine salts, 172. 

— reddish- violet, 171. 

— yellow, 172. 

“ Molybdoena,” 112. 


Molybdohypophospliatcs, I (id 
Moly bdohypophosjjli ites , 1 (>(i. 
Molybdophosphites, 1 66. 
9-Molybdophosplioric acid, 165. 

12- , 164. 

17:2 , Kid 

Moly bdoselenites, 1 6 1 . 
Molybdosilicates, 174, 175. 
Molybdosilicic acid, 174, 175. 
Molybdo thiocyanates, 1 72 -1 74. 

— isomorphism, 173, 

Molybdous arsenate, 167. 

— oxide, 129. 

Moly bdovanadates, 1 69. 

Moly bdovanadosilicates, 1 75. 
Monazite, 275. 

a-NAPHTHYLAMiNE Colour reaction 
chromium, 105, 110. 
Neodymitungstates, 222. 
Neodymium chromate, 72. 

— tungstate, 221. 

— uranate, 309. 

Nichrome, 18. 

Nickel chromate, 58. 

double salts, 58. 

— chromicyanide, 98. 

— chromite, 38, 

— dichroraate, 58. 

— me.tatung.state, 240. 

— molybdates, 146. 

complex salts, 147. 

— paratungstate, 222. 

— peruranate, 313. 

— trichromate, 58. 

— tungstates, 222. 

— uranyl nitrate, 327. 

OOTAMOLYBDATBS, 136. 
Octamolybdic acid, 135. 

(Eschdnite, 275. 

Orange chrome, 54. 

“ Ozotungsten ” compoundK, 243. 

Paiiamolybbatbs, 136, 137. 
l^aratungstates, 208. 

— constitution, 210. 

— preparation, 209. 

Paris yellow, 53. 

Pateraite, 111. 

l^entachromium dicar 93. 
Perchromatoa, 21, 72-75. 

— blue, 73. 

— constitution, 75. 

— organic, 74. 

— red, 73. 

Perchromic acid, 21, 73, 105. 
Periodic precipitation, 64. 
Periodomolybdic acids, 129 
Permolybdates, 156. 

Permolybdic acids, 156. 
Perthiomolybdic acid, 159. 
Pertungstates, 242, 243. 

Pertungstic acid, 242. 

Peruranates, 311, 313. 

Peruranic acid, 311. 
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I’liu*ni('tH’hr<iit;‘, ,s, 

nin.spIiomulylxlH- acids, Hia- HIB. 

{ *1 H IS j » ! I ( » t m t at cs , ;>r> 1 . ,,2r> < >. 

arid, isoniorphisui, 234, 

ac'ids, 2;) I 2r>(). 

I’inisjiliov auadot urigstatrs, 258. 
l‘!i<iN{)jmraiiylitc, 274. 

Ilintncii'clric C(‘IIs, 281). 

1 ‘htil iilysis, 2HS. 

I'itc}i}»iciHl<‘, 272, *Ml 
i*ittinitc, 27.2. 
t'latiuum chroiaatcs, 58. 
fnnjyhdat<‘s, 147. 
prrinolyhdatcs, |5B, 157. 

1 utigsl.atrs, 222. 
l*nl y<’!in>malcs, 44. 

I ‘illy erase, 275. 


I'nlassitim aidiniouiutimg.Mtute, 257. 
bnuiKieliromatr, iV.i. 
eldtu'uehniinuits (>2, 

<din>mut('. 58, 

douhle salts, (I0^ <}(}, 7(), 
rhnxuie suli)hn,t(^s, 81. 
ehn>tnieya{dd<^, OB. 
ehnmiiits 20. 

<’hromiiut)lyl»da4t% 84. 
r}irt)mipyr()pliuHpIuiii‘, 80. 
ehromit hiocyanatis 00, 
ehroinhuu alum, 81. 
ehrumoeyanitle, 0(5. 
chri>mniudut,<^, 02. 
ehromotelluraOs 84. 
ehmmous earlxnuiti', 01. 
ehroiimus Nulpluit)*, 77. 
de('amnlyhdut(\ 140. 
diehrumate, (U. 

<liuuilyl>da(e. 147, 
ditluodiuyvmolyhdate, 1(50. 
diihitdaiugstafe, 247. 
dimatuite, 200, 
lerrituuL^'date, 210. 
tlmiehromate, 02. 
lluoruvy mnly hdate.M, 122. 
tluiirnsypermolyOdate, 122, 
llt«ir<»\ypfrtuMg.sta(e, 242. 
he\a -urauaf e, 200. 
hydrogf'ii ielrnmul^dxlnt.e, 148. 
hypophiriphotamgstate. 250. 
icidoniulylMlates, 128. 
metajnnlylMlatr, MS. 
uielat uairdate. 240. 
runlv }»dat<% 147. 
mojyhdtjcyaiiides, 1 71, 172. 
umly laid-iulphates, ItJO. 
mf)l\ hd«>.adphi(e, 100. 

molyhd(4l}i(ic‘yaiial(% 172, 
nmimthiotmigHtate, 247. 
oetamulyOdate, MS. 
paninml> lidatt*, 148. 

“ ■ parat ung«’'‘'0d<v 222. 
pert uiigst ate, 242. 
peniranate. 212. 

- * ■- red, 200, 2i:i. 


Potassium sodium tungstate, 224. 
tungsten bronze, 245. 

— teti’acliromate, 62. 

— tetramolybdate, 148. 

— tetra-uranate, 309. 

*— tbiodicliromite, 76. 

— thiornolybdates, 159, 160. 

■ — ■ thiotungstate, normal, 248. 

— trichromate, 62. 

— trimolybdate, 148. 

— • trithiotungatate, 247. 

— tri tungstate, 224. 

— tungstates, 222-224. 
tungsten bronzes, 245. 

tungstate, 224. 

— tungstocyanide, 261. 
12-tungstosilicate, 265. 

— uranate, 296, 309. 

— uranium bromide, 298. 

peroxyfluoi'ide, 293, 313. 

phosphates, 329, 330. 

•— uranyl arsenate, 333. 

— lu’omide, 299. 

— (jhloride, 297. 

— (rhromat(^, 71. 

eyanates, 336. 

— cyanide, 335. 

— — ferrocyanide, 335. 

iodato, 300. 

■ nitrate, 327. 

• — i)h()sphatea, 331. 

"™-“ selenate, 322. 

selenite, 322. 

sulphates, 321. 

™ sulphites, 316. 

IViwelUte, 111, 141. 

Ih'aHeodymium cliromate, 72. 
tungstate, 224. 

— e.omplex salts, 225. 

- " uranate, 309. 

Priorite, 275. 

Protoactinium, 344, 349. 
Pyroe,hlorc% 275. 
l^yro«uranic a(;id, 3 ()(k 


itAOXOAOTiVJ radiations, 341-342. 
Radioactivity of uranium, 341-351. 
Radiou ran i u m , 344. 

Radium, 349. 

— dimjovtrry of, 276. 

- in uraniunt mimvrals, 277, 343. 
Radium G, 345. 

Raspite, 182, 219. 

Recoura’s sulphate, 79. 

Redingtonite, 8. 

Reinite, 181, 218. 

Rhodium molybdatos, cmniplex, 149. 

- uranyl nitrate, 327. 

Rothbleiorz, 8. 

Rubidium chromati', 63. 

“«■ chromium alum, 82. 

dichromatic 63. 

— dimolybdato, 150. 

■ - duoroxy molybdate, 122. 

— magnesium chromate, 63. 

— motatungstate, 240. 
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Rubidium molybdates, 150. 

— paramolybdate, 150. 

— tetramolybdates, 150. 

— trichromate, 63. 

— trimolybdate, 150. 

— tungstates, 225. 

— tungstocyanide, 262. 

— uranate, 310. 

— uranyl chloride, 297. 

nitrate, 327. 

Rutherfordine, 273, 334. 

Samariitm chromate, 72. 

— metatungstate, 241. 

— tungstate, 225. 

Samarskite, 275. 

Scheelite, 182, 183, 201. 
Siderochrome, 7. 

Silicotungstic acid, 264. 

— isomorphism, 234, 235, 265. 
Silico-vanado tungstates, 258. 
Silver ammoniochromate, 64. 

— ammoniotimgstate, 225. 

— antimoniotungstate, 258. 

— chromate, 63. 

— chromicyanide, 65, 98. 

— chromithiocyanate, 65, 99. 

— chromoiodate, 65. 

— dichromate, 65. 

— iodomolybdate, 151. 

— metatungstate, 241. 

— molybdates, 150. 

— molybdosHicate, 175. 

— paratungstate, 225. 

— trichromate, 65. 

— tungstates, 225. 

— tungstocyanide, 262. 

ammine salt, 262. 

— uranate, 310. 

Soddite, 273. 

Sodium ammonium chromate, 67. 

— chlorochromate, 69. 

— chromate, 65. 

— • — solubility, 66, 67. 

— chromic phosphate, 88. 

sulphates, 81. 

— chromicyanide, 96. 

— chromipyrophosphate, 90. 

— chromisilicates, 102. 

— chromithiocyanate, 99. 

— chromoiodate, 69. 

— chromotellurate, 84. 

— chromous carbonate, 94. 

sulphate, 77. 

— decamolybdates, 153. 

— dichromate, 67. 

solubility, 67, 68. 

use in tanning, 68. 

— dimolybdate, 152. 

— ditungstate, 228. 

— diuranate, 310. 

preparation, 277. 

— fluoroxy molybdate, 122. 

— hexatungstate, 231. 

— iodomolybdate, 153. 

— lithium chromate, 67. 


Sodium manganese tungstate, 221. 

— metatungstate, 241. 

coUoidal, 241. 

— molybdate, 151. 

double salts, 153. 

solubility, 151. 

transformation points, 152. 

— molybdenipyrophosphate, 163. 

— molybdocyanides, 172. 

— molybdosilicate, 174, 175. 

— molybdosulphites, 160. 

— “ ozotungsten ” oxalate, 243. 

tartrate, 243. 

— paramolybdate, 152. 

— paratungstate, 228-230, 

preparation from wolframite, 202. 

solubility, 229. 

— pentamolybdate, 153. 

— pentatungstate, 231. 

— penta-uranate, 310. 

— jjerchromate, 74. 

— periodomolybdates, 153. 

— pertungstates, 242. 

— peruranates, 313. 

— potassium chromates, 66. 

— tetrachromate, 69. 

— tetramolybdate, 153. 

— tetratungstate, 231. 

— thiochromite, 76. 

— thiomolybdates, 160. 

— thiotungstate, 248. 

— trichromate, 69. 

— trimolybdate, 152. 

— tritungstate, 231. 

— triuranate, 310. 

— tungstate, normal, 225. 

double salts, 231. 

preparation from wolframite, 202. 

properties of solutions, 227. 

solubility, 226, 227. 

transition points, 226. 

— tungstates, 225-231. 

— tungsten bronzes, 245. 

— tungstocyanide, 262. 

— uranate, 310. 

— uranium bromide, 298. 

chloride, 295. 

electrolysis, 279, 

phosphates, 329, 330. 

— uranyl carbonate, 335. 

chloride, 297. 

chromate, 71. 

pyrophosphates, 330, 331. 

“ Stainless ” steels, 18. 

Stannic chromate, 69. 

— molybdate, 153. 

— tungstate, 232. 

Stannous chromate, 69. 

— molybdate, 153. 

— tungstate, 232. 

Stasite, 274. 

Stellite, 18. 

Stolzite, 182, 219. 

Strontium chromate, 69. 

double salts, 70. 

— dichromate, 70. 
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Strontium ditungstate, 232. 

— metatungstate, 241. 

— molybdate, 153. 

— octamolybdate, 153. 

— paratungstate, 232. 

— thiotungstate, 248. 

— trichromate, 70. 

— tungstates, 231. 

— tungstocyanide, 262. 

— uranate, 311. 

— uranium phosphate, 330. 

Sulphochromic acid, 82. 

Tanning, use of chromium compounds in, 
68. 

Tarapacite, 8. 

Tellurotungstic acid, 248. 
Tetrabromomolybdous acid, 128. 
Tetrachromium carbide, 93. 

— dicarbide, 93. 

Tetramolybdates, 135, 136. 

Thallic chromate, 70. 

— tungstate, 232. 

Thallium molybdocyanide, 172. 

— molybdothiocyanate, 173. 

— tungstates, 232. 

— tungstocyanide, 262. 

— uranyl carbonate, 335, 338. 

nitrate, 327. 

Thallous chlorochromate, 71. 

— chromate, 70. 

— dichromate, 70. 

— metatungstate, 242. 

— molybdate, 154. 

— paramolybdate, 154. 

— paratungstate, 232. 

— tetramolybdate, 154. 

— trichromate, 70. 

— tungstate, 232. 

Thiochromites, 76, 77. 

Thiochromous acid, 76. 

Thiodichromous acid, 76. 

Thiomolybdates, 159. 

Thiotungstates, 247. 

Thorianite, 275. 

Thorium chromate, 71. 

— molybdate, 154. 

— tungstate, 232. 

Thorogummite, 273. 

Thoro molybdates, 154. 

Tin tungstates, 232. 

Torberite, 274. 

Torbernite, 274. 

Triboluminescence, 289, .324. 

Trichromates, 44. 

Trichromium diboride, 103. 

— dicarbide, 93. 

— disilicide, 101. 

— silicide, 100. 

Trichromyl chloride, 29, 30. 

Trimolybdates, 135. 

Tritungsten carbide, 259. 

— tetraphosphide, 250. 

Trogerite, 274, 332. 

“ Tungstate of soda,” 228 
Tungstates, 208-233. 


Tungstates, detection, 269. 

general methods of prejiaration, 209. 

— types of, 208-210. 

Tungsten, 181. 

— alloys, 191. 

— atomic weight, 189-191. 

— boiling-point, 4, 187. 

— chemical proj)erties, 189. 

— colloidal, 271. 

— density, 4, 187. 

— detection, 268. 

microchemiea], 269. 

— estimation, 269-271. 

colorimetric, 270. 

gravimetric, 269. 

volumetric, 270. 

— filaments, 185, 186. 

— history, 182. 

— iamiDs, 185, 186, 249. 

— melting-point, 4, 5, 187. 

— occurrence, 181. 

— physical properties, 187. 

— preiiaration, 182-184. 

— solubility of hydrogen in, 194. 

— specific heat, 4, 187. 

— spectrum, 188. 

— steels, 191. 

analysis of, 270. 

— uses, 191. 

Tungsten blue, 201. 

— blue oxide of, 200. 

— boride, 267. 

— bromides, 197, 198. 

— bronzes, 193, 194, 243-245. 

— carbides, 259. 

— chlorides, 194-197. 

reduction of, 184, 194. 

— chloro-arsenide, 256. 

— ehlorobromides, 195, 198. 

— chromite, 38, 84. 

— chromium carbide, 94. 

— compounds, general properties, 193. 
uses, 194. 

— diarsenide, 256. 

— dibromide, 198. 

— dichloride, 194. 

— di -iodide, 198. 

— dinitilde, 249. 

— dioxide, 199. 

reducing action of, 200. 

— dioxydibromide, 198. 

— dioxydichloride, 197. 

— diphosphide, 250. 

— diselenide, 248. 

— disilicide, 263. 

— disulphide, 245. 

— double chlorides of, 195. 

— hexabromide, 198. 

— hexachloride, 196. 

action of .ammonia on, 249. 

— hexafluoride, 194. 

— hydroxide, 200. 

— iron carbide, 259. 

— monocarbide, 259. 

— monophosphide, 250. 

— nitretamidoxide, 249. 
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Tungsten nitrides, 248. 

— oclire, 182. 

— oxides, 199-205. 

— oxybromides, 198. 

— oxychlorides, 197. 

reduction, 185. 

— oxyfluorides, 194. 

double compounds, 194. 

— oxynitride, 249. 

— oxytetrabromide, 198. 

— oxy tetrachloride, 197. 

— pentabromide, 198. 

— pentachloride, 196. 

— phosphides, 250. 

— selenides, 248. 

— sesquinitride, 249. 

— sesquisilicide, 263. 

— silicides, 263, 264. 

— subphospliide, 250. 

— sulphides, 245, 247. 

— sulphochloride, 247. 

— tetrachloride, 195. 

— tetra-iodide, 199. 

— thiocyanates, complex, 263. 

— trioxide, 201-205. 

hydrates, 205. 

preparation, 183, 202, 203. 

properties, 203-205. 

purification, 203. 

— triselenide, 248. 

— trisihcide, 264. 

— trisulphide, 246. 

colloidal, 246. 

Tungstenite, 182, 245. 

Tungstic acid, 205. 

colloidal, 206, 241. 

hydrate, 205, 206. 

salts of, 208, 

types of, 208, 209. 

— anhydride, 201-205. 

preparation, 183, 202, 203. 

purification, 203. 

reduction, 183, 184. 

— tungstate, 232. 

Tungstieyanic acid, 262. 
Tungsticyanides, 262, 263. 
Tungstite, 182, 201. 
9-Tungsto-arsenates, 257. 

11- , 257. 

12. , 256. 

17:2- ,257. 

9-Tungsto.arsenic acid, 257. 
Tungsto-arsenites, 257. 

12- Tuugstoborates, 267, 268. 
12-Tungstoboric acid, 267. 

Iso~l2- — , 268. 

Tungstocyanic acid, 260. 
Tungstocyanides, 260-262. 
3"Tungstophosphates, 255. 


6- ^ 255. 

7 : 2- , 255. 

9- , 255. 

11- , 252. 

12- , 252. 

17:2- ,255. 

21 : 2- , 254. 


6-Tungstophosphoric acid, 255. 

9- , 254. 

10- ■— , 254. 

12- — , 251. 

21 : 2- — , 253. 

10-Tungstosilicates, 266. 

12- ,265. 

isomorphism, 234, 265. 

/50.12- , 266. 

12-Tungstosilicic acid, 264. 

Iso-12- — , 266. 

Tungstotitanates, 266. 
10-Tungstozirconates, 267. 

Tungsty] chloride, 197. 

action of ammonia on, 213, 250. 

Tyrite, 275. 


Ultramaeine green, 102. 

Uranic acid, 305. 

colloidal, 306. 

-salts of, 307-311. 

— anhydride, 305. 

— fluoride, 292. 

— oxide, 305. 

Uraninite, 272. 

Uranium, 272. 

— alloys, 286. 

— atomic weight, 283-285. 

— chemical properties, 282. 

— colloidal, 283. 

— detection, 337. 

microcliemical, 338. 

— disintegration series, 342-345. 
table of constants, 351. 

— electrical potential, 280. 

— estimation, 338-340. 

colorimetric, 340. 

electrolytic, 340. 

gravimetric, 338, 339. 

volumetric, 340. 

— history, 276. 

— iron alloys, 286. 

pyrophoric, 283, 286. 

— isotopes, 285. 

— lead, 345. 

— melting-point, 280. 

— occurrence, 272'. 

— physical properties, 279-282. 

— place in Periodic Table, 283. 

— preparation, 278. 

— pyrophoric, 278, 283. 

— radioactivity, 276, 341-351. 

— specific heat, 4, 280. 

— spectrum, 280-282. 

— treatment of minerals, 277, 339. 
Uranium V, 344. 

— Xi, 285, 342-347. 

— Xg, 285, 342-345, 347. 

— Y, 344, 349. 

— Z, 344, 348. 

— I, 285, 343-346. 

— II, 285, 343-345, 348. 

— HI, 345. 

Uranium. See also Uranous, Uranvl 

— black, 278. ’ 
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Uranium boride, 337. 

— " carbide, 333. 

^(^inpounds, electro-clieniical beliavioiii 

289. 

” tluorescence, 288. 

genera] properties, 287-290. 

— influence of liglit on, 288. 
physiological action, 290. 

~ uses, 290. 
cyanides, 335. 

— • difluoride, 291. 

— dioxide, 4, 300. 
diselenide, 321. 

— disulphide, 314. 
dithionates, 319. 
hexafluoride, 292. 

— mica, 274. 

— molybdate, 154. 
monophosplude, 327. 
monosulphide, 313. 

— nitrides, 323. 

— oxides, 283, 284, 300-307. 
oxynitride, 323. 

— oxysulphide, 314. 

— paramolybdate, 155. 
pentacfliloride, 295. 

action of fluorine on, 291. 

— pcntoxide, 302. 

— ■ phosphates, 328-332. 

— ' red, 315. 

scsq_ui8(fl,enid(% 32 1 . 

— sesquistdplude, 313, 

— silicates, ‘337. 

— silicide, 330. 

— sulphate, 3, 4, 310. 

<liliydrat(% 317. 

— double salts, 319. 

eniH^ahydrate, 318. 

— ““ nona,liydrat(;, 318. 

*'■" octahydrat(^, 318. 

- solubility, 317. 

~-suq)ha,te, tetraiiy (Irate, 318. 

solubility, 317. 

' t (4 III ride, 322. * 

— t<‘tivibromid(‘, 298. 
t<4raehlorid(‘, 294, 
l(fl.rafluoride, 29 L 

* doubl(^ salts, 292, 

— t(‘tra- iodide, 299. 

■ t(‘tr()xid(^, 311. 

™ - - (U)m])l<‘X d(‘rivatives, 313. 

— tri bromide, 298. 

— tricblorhh^, 293. 
trioxide, 305. 

- hydrates, .305. 

" Hubhydra,t(‘, 300. 

■ tungstat(‘, 232. 

~ y(\lIow, 290, 310. 
ra-n<)(;ircit(', 274, 331. 
ninopham', 273. 
ranopilite, 275. 
ra.nosiIi(!oiluori(l(', 337, 
ranospatbite, 274. 
raiiospha-rite, 273. 
ranoKpinite, 274, 333. 
rauothallite, 273, 335. 


Uranothorite, 275. 

Uranotil, 273. 

Urano-uranic oxide, 303. 

action of hydrofluoric acid on 293 

glazes, 290. 

™ hydrates, 304. 

» reduction of, 278, 300. 

Uranous antimonatc, 333, 

— antimonide, 333. 

— arsenate, 332. 

— ar-senide, 332. 
bromide, 298. 
carbonate, 334. 

— - chloride, 294. 

— double salts, 295. 

reduction of, 279. 

(flilorophosphate, 295, 328, 329. 

— fluoride, 291. 

— hydroxides 302. 
iodide, 299. 

— nudaphospliate, 329. 

— nitrate, 323. 

— orthoplu)sphat(% 328. 

— ae.id salt, 329. 

— — (mini)lex salts, 329. 

— oxide, 300. 

— — colloidal, 302. 

~ — (U)inmercial pre|)aration, 301. 

— oxycliloride, 295. 
oxylluoridii, 292. 

■ " ph()splml,es, 328 330. 

■ phosphide, 327. 
pyr(:)j)hosphale, 329. 

— salts, pr(q>aration from iiranyl salts, 287, 

289. ‘ ’ ' 

— sel<'n»t<‘, 322. 

H<d(mid(‘, 321. 

— HUl[)]uit(5, 310. 

' ' ■ “ acid salts, 319. 

* - doublt^ salts, 319. 

— " sul})hid(% 314. 

IJranyl a,nHnophosphates, 332. 

<irs<mat<‘H, 332, 333. 

c.omi>I(5.x, 333. 
borate, 337. 

— ™ borotungstatis 337. 

— bromat(% 299. 

— br(>mid(‘, 298. 

— (airbonate, 334. 

complex salts, 334, 335. 

— (shloratti, 298. 

— chlorides, 29fl. 

comph^x salts, 297. 

“• — triliydratis 297. 

— ehromate, 71. 

* basic, 71. 

— ■ complex salts, 71. 

— cyanate, 330. 

dihydrog(*n arsenate, 333. 

" “ ‘ phosphate, 331. 

dithionate, 321. 

' fluoride, 293. 

■ * com|)I<5X salts, 293. 

— hypophosphites 328. 

— com|>lex salts, 328. 

— iodate, 299. 


380 


CHROMIUM AND ITS CONGENERS. 


Uranyl ioclide, 299. 

— metaphospliate, 331. 

— metarsenate, 332, 

— monohydrogen arsenate, 332. 
pliosphate, 330, 

— nitrate, 323-327. 

anhydrous, 326. 

compounds with ether, 324 

dihydi'ate, 326. 

double salts, 327. 

hexahydrate, 323. 

monohydrate, 326. 

preparation, 277, 323. 

properties of solutions, 325. 

triboluminescence, 324. 
trihydrate, 325. 

— octamolybdate, 155. 

— orthoarsenate, 332. 

— orthophosphates, 330. 

— oxide, 305. 

— perborate, 337. 

— perchlorate, 298. 

— phosphates, 330-332. 

complex, 331. 

— phosphite, 328. 

— phosphonitrate, 330. 

— platinoeyanide, 336. 

— pyroarsenate, 333. 

— pyrophosphate, 331. 

— pyrosulphate, 321. 

— salts, 3, 287. 

electrolysis of, 290. 

influence of light on, 304. 

precipitation reactions, 338. 

reduction of, 287, 289, 338. 

— selenate, 322. 

— selenide, 322. 

— selenite, 322. 

complex salts, 322. 

— silicate, 337. 

— silicofluoride, 293. 

— sulphate, 319. 

acid salt, 320. 

basic salts, 320. 

complex salts, 320. 

— sulphide, 314. 

use in analysis, 338, 339. 

— sulphite, 315. 

basic salt, 316. 

complex salts, 316. 

— thiocyanate, 336. 


Uranyl thiocyanate, double salts, 336 

— thiosulphate, 321. 

— tungstates, 233. 

VAisrADiUM, separation from uranium, 340. 
V^anadotiingstates, 258. 

Vauquelinite, 8. 

Violet chromic chloride, 26. 

Voglite, 273, 335. 

Walpuegite, 274, 333. 

Wolchonslvoite, 8. 

Wolframite, 181, 201, 218, 220. 

— decomposition of, 202. 

— ^ reduction of, 183. 

Wulfenite, 111, 144. 

Xai^thic acid, reagent for molybdenum 
178, 180. 

Xenotime, 275. 

Y ELLO w lead spar, 111. 

Ytterbium tungstates, 233. 

Yttrium tungstate, 233. 

Yttrocrastite, 275. 

Yttrogummite, 273. 

Zeunerite, 274, 333. 

Zinc chromate, 71. 

basic salts, 72. 

double salts, 72. 

— chrome, 72. 

— chromicyanide, 98. 

— chromite, 39. 

— dichromate, 72. 

— ditungstate, 233. 

— greens, 72. 

— metatungstate, 242. 

— molybdates, 155. 

— octamolybdate, 155. 

— paratungstate, 233. 

— tetramolybdate, 155. 

— trichromate, 72. 

— trimolybdate, 155. 

— tungstates, 233. 

— tungstocyanide, 262. 

ammine salt, 262. 

— uranate, 311. 

— yellow, 72. 

Zirconium molybdate, 155. 
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